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(54) PROCESS FOR PRODUCING DIPHENYL SULFONE COMPOUND 

(57) The present invention is to provide methods for producing highly pure 4,4-dihydroxydiphenyl sulfone mo- 
noethers advantageously in industrial production. 

In a process for producing a compound represented by Formula (I) 



(R 1 )m 



(R z )n 



(D 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an Integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), (1) a pH adjustment is carried out twice or 
t— more in the purification process, (2) an excessive amount of alkyl halide used is removed, (3) a solvent, such as water, 
«^ containing 0.05 ppm or less of iron components is used, (4) tanks with corrosion-resistant layers over the inner walls 
q are used, (6) a chelating agent is added, and (7) a means of drying with mechanical stir is applied. 

lO 

CO 
1^ 
CM 

Q_ 
HI 
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Dcsci Iption 

led mil .(I I ii 'hi*. 

5 [0001 ] I I ii r pro:,eiil invention relate:, to | >i< >< <•:,:.< v, foi 1 1 h * | m \ ». ii . il i< >f i ol 4,4' i li h y c 1 1 1 j x y < I ip h < • m y I Millono inoi thee. 

useful nr. developer:, for thermal recording agent:. 

Haek< -round Art 

to [0002J I )ihydt oxydiphenyl Millono monoelhois arc developer:. « «x< i -II* Mil in coloring sensitivity, pre:. el validity, limit 
resistance ; ind cilhci properties, and are often used lot 1 1 km in, il r«M .cm Hiiic] papers lot facsimiles, barcodes, receipts and 
the like? 

[0003] I 'recesses lor the f >r ( ?p; ir , itmn of, lor example, a 4 alkoxy A' hydroxydiphonyl sulfone (which may hereinafter 
refer to a:. Ilu: target eornpoum 1) , among the dihydroxydiphonyl sulfone innnoolhors, by a reaction of A A' dihydmxy 

is diphonyl sulfone (which may hereinafter rotor to a:. HPS) with a halogen compound such as an alkyl halido In the 
presence of an alkali in a polar solvent such as, dimelhylloiiimmido, dimethyl sulfoxide and alcohol, have boon disclosed 
in each ol Japanese Patent:. I aid open Nor, She !>M :H)A { KS, She SH IW/HH, She bO 13H5:--, Slio tiO ob?M!) and Mel 
6 ?514H I hose methods have a drawback that it Is difficult to Improve reaction selectivity because of use of solvents 
dissolving reaction reagents and reaction products very well A problem has been a production of a noticeable amount 

20 of a diethor derivative byproduct, 4,4'dihydroxydiphonyl sulfone diolhoi 

[0004] WC) 01/11433 has disclosed that a reaction of HPS with an alkyl halido in the presence of 1 b to 3 moles of 
an alkali to a mole of HPS in 0 3 to 1 b parts by weight of an aqueous solvent to apart by weight of 4,4' dihydroxydiphonyl 
sutfone gives satisfactory results in both selectivity and yield 

[0005] Japanese Patent I aid open No Hoi 3 ?h8/f>0 describes a method for separating HPS from a 4 alkoxy 4' 
25 hydroxydiphonyl sulfone, in which an aqueous alkali solution and alcohols or ketones that do not mix with water are 
added to mix with a mixture containing BPS and a 4 alkoxy 4' hydroxydiphonyl sulfone, and the 4 alkoxy 4' hydroxy 
diphonyl sulfone is moved into tho organic layer and the alkali metal salt of HI'S Into the uquoous layer for separation 
[0006] In Japanese Patent I aid open No. I lei 60 56049, a purification method of a 4 alkoxy 4' hydroxydiphonyl sul 
fono is described in which a solution of a water nonrnisciblo organic solvent containing a 4 alkoxy 4' hydroxydiphonyl 
30 sulfone and unreacted ( JPS that is produced when HPS is alkylated or by other methods is shaken with an aqueous 
solution of hydrogen carbonate so that BPS moves into water for romoval. 

[0007] Japanoso Patent Laid opon No. Hoi b 2bb23A doscribos a method for producing a 4 alkoxy-4'-hydroxydipho 
nyl sulfone, in which an alkyl halido Is added to a two-phaso solvont systom consisting of an aqueous solution of an 
alkaline compound in which BPS is dissolved and a watcr-nonmlsciblo organic solvont, and an alkalino compound Is 
35 added to keep pH to 7.5 to 9.5, in a method for producing a 4-alkoxy-4'-hydroxydiphonyl sulfono by roacting BPS with 
an alkyl halido. 

[0008] Japanoso Patont Laid-open No. Hoi 10-158235 has disclosod a method for purifying a 4-alkoxy-4'-hydroxy- 
diphenyl sulfone, in which an alkali metal ion donor Is added to an aqueous solution of a mixturo containing a BPS 
alkali metal salt and an alkali metal salt of a 4-alkoxy-4'-hydroxydiphonyl sulfone to deposit and separate the alkali 

40 metal salt of 4-alkoxy-4'-hydroxydiphenyl sulfone, followed by treatment of the salt with an acid. 

[0009] In tho above production methods, the reaction solution contains tho target compound as well as unreacted 
BPS, a byproduct of 4,4'-dialkoxydiphenyl sulfone and other Impurities, as a side reaction proceeds simultaneously. 
These impurities damage the performance of the product when used as a developer. Therefore, a purification process 
to remove the impurities from the reaction solution is required. 

45 [0010] Of the said impurities, the 4,4'-dialkoxydiphenyl sulfone, which is insoluble in water, can be removed in a way 
that the reaction solution is made an aqueous alkaline solution, a water-nonmiscible organic solvent is added and the 
sulfone is extracted into the organic layer for separation. 

[0011] To remove unreacted BPS, a water-nonmiscible organic solvent is added to the reaction solution to produce 
a two-phase system consisting of an organic and an aqueous layers, the pH value of the aqueous layer is adjusted to 
50 a preset value to move the target compound into the organic layer and BPS into the aqueous layer, then the organic 
layer is separated, washed with water if necessary and cooled, and deposited crystals are separated by filtration so 
as to give the target compound. This separation/purification method utilizes the difference in acidity between the phe- 
nolic hydroxyl groups of BPS and the target compound. 

55 Disclosure of the Invention: 

[0012] However, the difference in acidity between the phenolic hydroxyl groups of BPS and the target compound is 
subtle. BPS is completely removed if the pH of the aqueous layer is higher than the preset value. Then, it becomes 



2 
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difficult to separate the target compound completely into the organic layer, resulting in a large loss of the target com- 
pound. On the contrary, if the pH of the aqueous layer is lower than the preset value, the loss of the target compound 
is small. There has been a problem however that BPS moves into the organic layer so as to mix into the target compound 
as an impurity. 

5 [0013] As described above, 4,4'-dihydroxydiphenyl sulfone monoethers produced by methods of the prior art may 
not have been satisfactory in terms of purity. Particularly when a reaction solution obtained from a reaction of materials 
at high concentrations is purified according to the aforementioned methods, BPS often tends to mix into the target 
compound as an impurity because of insufficient purification. 

[0014] 4,4-Dihydroxydiphenyl sulfone monoethers are mainly used as developers. There have however been prob- 
10 lems that, for example, a so-called background foggy phenomenon, which is the coloring of the surrounding area of a 
heated part on a thermal recording paper, occurs if 0.4% or more of BPS is contained in 4,4'-dihydroxydiphenyl sulfone 
monoethers. Therefore, development of production methods for isolating highly pure 4 J 4'-dihydroxydiphenyl sulfone 
monoethers has been looked for. 

[0015] When 4,4'-dihydroxydiphenyl sulfone monoethers are produced in industrial scales, reaction solutions may 
15 sometimes be colored. In this case, the products, 4,4 , -dihydroxydiphenyl sulfone monoethers, are also colored. It is 
sometimes difficult to decolor the products (to remove coloring substances) completely, even if processes such as 
decoloring and purification using activated carbon and the like are carried out afterward. Another problem has been a 
requirement of a new process for removing the added decoloring agents. 

[0016] As described above, 4,4'-dihydroxydiphenyl sulfone monoethers are mainly used as developers. Because of 
20 the purpose of their use, developers are not satisfactory even if slightly colored. 

[0017] It has been required therefore to establish industrial processes for producing non-colored, highly pure 4,4'- 
dihydroxydiphenyl sulfone monoethers in high yield. 

[0018] In addition, when 4,4'-dihydroxydiphenyl sulfone monoethers are taken out as crystals at the final stage and 
the crystals are dried by a hot dryer, the crystals may become lumps so that solvents cannot be removed completely. 
25 The monoethers containing solvents have a problem of performance as products. As 4,4'-dihydroxydiphenyl sulfone 
monoethers are used in the state of dispersing in solvents such as water, products of small crystal size, which are 
easily dispersed, are demanded. If there are block particles after the crystals are dried, a further process for pulverizing 
is required. To produce a product of small particle size, pulverization process work has sometimes become too com- 
plicated. 

30 [0019] The present invention has been carried out in consideration of the aforementioned situations. It is an object 
of the present invention to provide methods for producing non-colored, highly pure 4,4'-dihydroxydiphenyl sulfone 
monoethers in high yield and advantageously in industrial production. 

[0020] The inventors of the present invention have studied in earnest to solve the above problems. As a result, it 
has been found that the problems can be solved by that (1) BPS is removed efficiently if pH is adjusted step by step, 
35 (2) an alkyl halide used in the reaction remains and decomposes in the forming process so as to color the product, (3) 
the presence of metal ions, such as iron, in a solvent used in the production process causes coloring and substances 
producing the ions are removed, and (4) the product is dried with mechanical stir. Thus the present invention has been 
completed. 

[0021] The present invention relates to 
40 (Composition 1) a process for the preparation of a compound represented by Formula (I) 



(R 2 )n 




50 

(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which there are processes that an aqueous 
solution containing a compound of Formula (I) is adjusted pH to a preset value (P1), extracted with an organic solvent 
55 and separated to an organic and an aqueous layers, and that water or water adjusted to a fixed pH value is added to 
the separated organic layer in order to adjust the pH of the aqueous layer to a preset value (P2) for the separation of 
the organic layer; 

(Composition 2) a process for the preparation of a compound of Formula (I) according to (Composition 1) in which the 



3 
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pro. ih.tl .id , igneous -.i ill it mi i . « » r 1 1 . 1 1 r 1 1 r i ' | .1 compound < >l I unniih (I) r. . i< Iji r.h •< i pi I In ,i preset value (I'l ) omIsh led 
With .in organic solvent and :e| >, is ite< I In .in cut |. inn and .in . i'|in*< nj-. I. iy« -r • . i\ .i process Ih.il the aqueous layei ol a 
I W() phaso solution consisting ol water and a water fiofimi'.i iNi * ' >r » |. tin* ' »lv» -i il wil Ii < i fnixli u e cent; iiflllK J . u <n upon in I 
of | on i ml. i (I) is adjusted pi I to tin- presel value (I'l) lor sepasitirif | I hi ■ oiganu layer, 

(( imposition :\) a pioci':,:, loi I In* preposition of . i compound of I mmiil.i (I) at i on ling lo (( imposition 1 ) oi (( .ompo 
sit ion :') m winch the said I r. set I(j a value different from the said I'l. 

(Composition 4) ;i pions:; loi the preparation of .i conn, found of I ormula (I) .i< cording lo one of (Composition I) lo 
(Composition :\) in winch the said I'!' is sol lo a value lower than I ho said I'l , 

(Composition h) . i piocc.'.:, loi I ho proposition of ;i compound ot I of mil 1. 1 (I) mi cor dint J to one of (Comj in Ml inn I ) lo 
(Composition 4) in which tin? said I'l is :.ol in m range of H 4 iind M f ,ind Iho s.iid IV between H :» and H (>. 
(Composition ti) m process loi Iho proposition of a compound of I ormula (I) according to one of (Composition t) lo 
(Composition !>) in which the agueous solution containing m compound ol I ormula (I) is an aqueous solution containing 
the reaction product obtained liom m reaction ol m compound represented t)y I oimul.i (II) 




(wherein, W and urn each indof >ondenlly halogen, alkyl having 1 lo 8 carbons or alkenyl having '? lo 8 carbons, m 
and n arc each independently 0 or an integer of 1 find 4) with a compound of f ormula (III) 

H 3 X (III) 

(whoroin, M 3 Is alkyl having 1 to 8 carbons, alkonyl having ? lo 8 carbons, eyeloalkyl having 3 to 8 carbons or optionally 
substituted aralkyl, and X is halogen) in a solvent in the presence of a base, 
(Composition 7) a process for tho preparation of a compound of Formula (I) 



(R> (R 2 )n 




(wherein, R 1 and R 2 arc each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
carbons, eyeloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method for pro- 
ducing a compound of Formula (I) by reacting a compound of Formula (II) 



(R> (R 2 )n 




(wherein, R 1 , Ft 2 , m and n are as defined above) with a compound of Formula (III) 
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(III) 



(wherein R 3 is as definde above and X is halogen) in a solvent in the presence of a base and the obtained reaction 
solution is purified, a process is provided that the compound of Formula (III) is removed from the solution produced by 
the reaction of the compounds of Formulae (!l) and (III); 

(Composition 8) a process for the preparation of a compound of Formula (I) according to (Composition 7) in which the 
said reaction solution is the reaction solution after the reaction of compounds of Formulae (II) and (III) is finished; 
(Composition 9) a process for the preparation of a compound of Formula (I) according to (Composition 7) or (Compo- 
sition 8) in which the process for removing the compound of Formula (III) from the reaction solution is provided imme- 
diately after the compounds of Formulae (II) and (III) are reacted in a solvent in the presence of an alkali; 
(Composition 10) a process for the preparation of a compound of Formula (I) according to one of (Composition 7) to 
(Composition 9) in which a process for adjusting pH of solutions including the reaction solution Is provided in the 
production method of a compound of Formula (I), and the process for removing the compound of Formula (III) from 
the reaction solution is provided Immediately before the process for adjusting the pH of the solutions including the 
reaction solution; 

(Composition 11) a process for the preparation of a compound of Formula (I) according to one of (Composition 7) to 
(Composition 10) in which the process for removing the compound of Formula (II) is a process for removing the com- 
pound of Formula (III) together with the reaction solvent from the reaction solution by distillation; 
(Composition 12) a process for the preparation of a compound of Formula (I) according to one of (Composition 7) to 
(Composition 10) in which the process for removing the compound of Formula (III) is a process for removing the com- 
pound together with a mixture of water and a solvent azeotropic with water by distillation; 

(Composition 13) a process for the preparation of a compound of Formula (I) according to one of (Composition 7) to 
(Composition 12) in which the reaction solvent is water; 

(Composition 14) a process for the preparation of a compound of Formula (I) according to one of (Composition 7) to 
(Composition 13) in which a process for depositing the compound of Formula (I) from an organic solvent as crystals 
is provided in the production method of the compound of Formula (I), and the compound of Formula (III) is removed 
so that the concentration of the compound in the organic solvent is 1% by weight or less; 
(Composition 15) a process for the preparation of a compound of Formula (I) 



(wherein, R 1 and R 2 are each independently halogen, alky I having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method for pro- 
ducing a compound of Formula (I) by reacting a compound of Formula (II) 




(R> 



(R 2 )n 



• • • (I) 




• • • (ID 



(wherein, R\ R 2 , m and n are as defined above) with a compound of Formula (III) 

R 3 -X 



(III) 
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(wlloioin I I 1 r. .f. f It f if m -i J ivi- .Hid X r. Iialoi jon) 111 .i :.olvoiil in I In- pio-.om o ol .1 h.i ' o and I he ol >l. in i« '< I H'.h I urn 
soli it Kin c | iiiiiiii •» i. II m« i ompoiind of I on mil. i (III) in the t>f<|.iiin *.f »lvi *nl r. '»".. hy woighl oi lo: .'. in i:onci 'nli a lion in Hit* 
p r 0 < for | n inly km ) I ho roaohon mixluf o <il tho < oinpoun<K of I oimul.io (II) am I (III) Willi w.itoi . m< 1 , in oi ( |, un- ■•olvonf 
(Compo' .if ion Id) .i | unci v.: ; lor I ho pi op. n , thou of , i t nmpound of I onnnl.i (I) iin or ding lo {( :on ipo: .it ion l'») In whit h 
the? compound of I iMiiiul.i (III) in Iho on|.inio :.olvonl i:. hy Wright oi lo-.:. in < onornli ahon, 

(Compo-.ihon 1 f) n pioco:.:; lor Iho f n op. if . ilion of n compound of I oimiil.i (!) itoooiding lo (Composition 1 '•) in whu h 
the C()Mi|)oiin(l of I ormula (III) in Iho on|.inio :.olvonl i:. I".', hy Wright oi lo:.:. in < :on< .ontr , it ion . 
(Composition 1H) a proross lor tho proparalion of n compound ol I oimul.i (I) 



(H 1 )m (R ' )n 




(wherein, \V and H ;> nio each m< lopnndonlly hafognn, nlkyl luivincj 1 lo H carbons oi alkonyl having ? lo H carbons, m 
and n arc each Independently 0 or an integer of 1 to 4, and H 1 is alkyl having 1 lo H carbons, alkenyl having V to H 
carbons, cycloalkyl having 3 to B carbon:; or optionally substituted aralkyl), charncteri/ed in that, in a method for pro 
ducing a compound of I orrnula (I) with a process for reacting a compound ol I ormula (II) 




(wherein, R 1 , R 2 , m and n are as doflnod above) with a compound of F ormula (III) 

R 3 -X (III) 

(whoroin R 3 is as dofindo above and X is halogen) in the presence of 1 .5 to 3 moles of an alkali to a mole of the 
compound of Formula (II) in 0.3 to 1 .5 parts by weight of an aqueous solvent to a part by weight of tho compound of 
Formula (II) and the compound of Formula (III) is removed by distillation, the compound of Formula (III) is heated to 
distill out and then water is further added to distill the compound of Formula (III) to remove; 

(Composition 19) a process for the preparation of a compound of Formula (I) according to (Composition 18) in which 
an amount of water added is in the range of 0.03 and 0.1 parts by weight to a part by weight of the compound of Formula 

(ii); 

(Composition 20) a process for the preparation of a compound of Formula (I) according to (Composition 18) in which 
an amount of water added is in the range of 0.04 and 0.08 parts by weight to a part by weight of the compound of 
Formula (II); 

(Composition 21) a process for the preparation of a compound of Formula (I) according to (Composition 18) in which 
water is added separately over two or more times; 

(Composition 22) a process for the preparation of a compound of Formula (I) according to (Composition 21) in which 
an amount of water added at the beginning is in the range of 0.03 and 0.1 parts by weight to a part by weight of the 
compound of Formula (II); 

(Composition 23) a process for the preparation of a compound of Formula (I) according to (Composition 21) in which 
an amount of water added is between 0.04 and 0.08 parts by weight to a part by weight of the compound of Formula (II); 
(Composition 24) a process for the preparation of a compound of Formula (I) 
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(R 1 )m 



(R')n 




(I) 



10 



15 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyi having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyi having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method for pro- 
ducing a compound of Formula (I) that a reaction is carried out in a solvent to give the compound of Formula (I), a 
solvent containing 0.05 ppm or less of iron components is used as the solvent; 

(Composition 25) a process for the preparation of a compound of Formula (I) according to (Composition 24) in which 

the reaction solvent is a reaction solvent containing water; 

(Composition 26) a process for the preparation of a compound of Formula (I) 



20 



25 



(R 1 )m 



(R 2 )n 




(I) 



30 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyi having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyi having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which water containing 0.05 ppm or less 
of iron components is used as the water in the purification process for removing compounds, other than the compound 
of Formula (I), from the mixture containing the compound of Formula (I); 
(Composition 27) a process for the preparation of a compound of Formula (I) 



35 



40 



(R')rn 




(I) 



45 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyi having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyi having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which a tank with a corrosion-resistant 
layer over the inner wall is used in the reaction process for producing the compound of Formula (I); 
(Composition 28) a process for the preparation of a compound of Formula (I) 



50 
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(whoi ('ii! II 1 . iik I I (•' , in • i mi h mm l< -pi i 1' l« 'fitly 1 1, ill n )• n . ilkyl hovu u j I In H caihnn*. (ji alkenyl h.ivilKj '.' lo M < aihuir. m 
and n . in- h n id< 'pi in l< -ntly u oi ,in ir il ■ |« - ■ of 1 lo A, and I i 1 r. alkyl h.ivilKj t In H < aibons, alkenyl having In M 
carbon*.. ( y« loalKyl havux] 'A lo H < aihuir. m option, illy -.ub' .hi i il ■ *d .n.ilkyl) in which a t.mk with a nououoii n-.i'.l.inl 
layer ov«m IIh> mun wall I*, ir.ed in I hi < punfuation pax i»v. loi nmiovinrj compound*,, olhoi than Iho r nmpniind of 
Formula (I). In mi .i mixture (.onlainin<| llif < on i pound of I oi inula (I), 

(Compn-.ihon ;"») a pr < ji loi lh<" pti-paiatiou of a compound of I m inula (I) not oidincj lo (( :nmpo:.ilion i'-l) oi (< -om 
position :"') in whn fi I hi - con o:. ion r <.•:.*•. I. ml layui i:. a layui con lpn-.od of al lea:. I one maleual ■■elnolod from I In - <|f oup 
COnr.istiiMj <>f lilanium, ('la'.'.c, and fluonno losin:.. 

(Composition :ui) a pro< <•*.•. for Iho pi r| mi al i< >n of a coiiipourid of I oi inula (I) no< or dim) lo one of (('.ompn\itioii ;M) lo 
(OompoMtion ;*?!) in which Iho icuclion pmces:, foi producing Iho compound of I ounula (I) i:. a piuoo'.s foi icaclinij a 
conipound lopMv.enlod by I oimul.i (II) 



HO 



(in 



OH 



(wherein, H 1 and H ; ' an; each indopondontly halogen, alkyl having 1 lo H carbons or alkenyl having ? lo H carbons, ni 
and n are each independently 0 or an Integer of 1 and 4) with a compound oi I orrnnla (III) 



IT 1 X 



(wherein, IT' Is as defined above and X is halogen) in a solvent in the presence ol a base; 
(Composition 31 ) a procoss tor Iho preparation ol a compound ot r orrnnla (I) 



(III) 



HO 



Cpm (R 2 )n 



(i) 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which a chelating agent is added in the 
purification process for removing compounds, other than the compound of Formula (I), from a mixture containing the 
compound of Formula (I); 

(Composition 32) a process for the preparation of a compound of Formula (I) 



(R 1 )m 



HO 




(R 2 )n 



(I) 



OR J 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; m 
and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 
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carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method for pro- 
ducing the compound of Formula (I) with a drying process, the product is dried with mechanical stir in the drying process; 
(Composition 33) a process for the preparation of a compound of Formula (I) according to (Composition 32) in which 
the product is heated to dry under reduced pressure with mechanical stir; 

(Composition 34) a process for the preparation of a compound of Formula (I) according to (Composition 32) or (Com- 
position 33) in which the compound of Formula (I) before drying is in the condition with a property of melting at a 
temperature below the melting point of the compound of Formula (I); 

(Composition 35) a process for the preparation of a compound of Formula (I) according to one of (Composition 32) to 
(Composition 34) in which the compound of Formula (I) before drying is in the condition of forming a molecular com- 
pound with a solvent; 

(Composition 36) a process for the preparation of a compound of Formula (I) according to (Composition 35) in which 
the solvent is an organic solvent; 

(Composition 37) a process for the preparation of a compound of Formula (I) according to (Composition 36) in which 
the organic solvent is an aromatic hydrocarbon; and 

(Composition 38) a process for the preparation of a compound of Formula (I) according to one of Claims 1 to 37 in 
which the compound of Formula (I) is a compound represented by Formula (IV) 




(wherein, R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally 
substituted aralkyl). 

[0022] The present invention is described in more detail in the following. 

[0023] The present invention consists mainly of (Composition 1), (Composition 7), (Composition 15), (Composition 
18), (Composition 24), (Composition 26), (Composition 27), (Composition 28), (Composition 31) and (Composition 32). 
Each of them relates to a method for producing a compound of Formula (I). 

[0024] In Formula (I), R 1 and R 2 are each independently halogen such as fluorine, chlorine, bromine or iodine; alkyl 
having 1 to 8 carbons such as methyl, ethyl, n-propyl, isopropyl, n-butyl or t-butyl; or alkenyl having 2 to 8 carbons 
such as propenyl, isopropenyl or butenyl. m and n are each independently 0 or an integer of 1 to 4. When m and n are 
1 or larger, substitution positions are not restricted. 

[0025] In Formula (I), R 3 is alkyl having 1 to 8 carbons such as methyl, ethyl, n-propyl, isopropyl, n-butyl or t-butyl; 
alkenyl having 2 to 8 carbons such as propenyl, isopropenyl or butenyl; cycloalkyl having 3 to 8 carbons such as 
cyclopropyl, cyclopentyl or cyclohexyl; or optionally substituted aralkyl such as benzyl, 4-chlorobenzyl or2-phenylethyl. 
Of them, a preferred compound of Formula (I) is a compound where R is alkyl having 2 to 4 carbons such as ethyl, n- 
propyl, isopropyl, n-butyl or t-butyl, or optionally substituted aralkyl such as benzyl. A compound where R 3 is isopropyl 
is particularly preferred. There are no particular restrictions on substitution positions of the hydroxyl group (OH group) 
and OR 3 group. It is however preferable that each of them is at the para position (4 or 4' position) to the sulfonyl group. 
The compound can be used favorably to produce a compound of Formula (IV) where each of the groups is at the 4 or 
4' position. 

[0026] Actual examples of compounds represented by Formula (IV) include 4-methoxy-4'-hydroxydiphenyl sulfone, 
4-ethoxy-4'-hydroxydiphenyl sulfone, 4-n-propoxy-4'-hydroxydiphenyl sulfone, 4-isopropoxy-4'-hydroxydiphenyl sul- 
fone, 4-n-butoxy-4'-hydroxydiphenyl sulfone, 4-sec-butoxy-4-hydroxydiphenyl sulfone and 4-t-butoxy-4'-hydroxydiphe- 
nyl sulfone. Of them, 4-isopropoxy-4'-hydroxydiphenyl sulfone is particularly preferred. 

[0027] The production methods of the present invention can be applied not only to compounds of Formula (I) but 
also to compounds represented by Formula (V) 
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(wluMcin It' I [ii .mi] ii ,!!»• .r. '1' -Ini.-'i . it m«v> ■ > t r 1 ■ i < J r. .1 (|ium|i ir| mv.i ml. m I t>y I oimul.i (VI) 



(K"')i, \ <><")' (R 7 )1 

/ a 

(whoiom, X .-itid Y .in; (mcIi inc Ji *| iiMit Jcm illy .1 saturated or un:.. ilur.itod, optionally substituWMl hydrocarbon Imviih) 1 to 
1? carbons, s; . ilo< 1 or uir;; itui.tled hy< Irorarbon havinrj 1 In \\> carbons and other bond:., a cjroup rc?pn.*MMit<M 1 by 
f (mania (VII) 



(whoroln, M n is methylene or ethylene), or a group represented by Formula (VIII) 



CH 2 -C— CH 2 — . . • (VIII) 

OH 

(whoroln, R 9 is hydrogon or alkyl having 1 to 4 carbons); R 4 to R 7 arc each Independently halogon, alkyl having 1 to 
8 carbons or alkenyl having 2 to 8 carbons, p, q, r and t are each independently 0 or an intogor of 1 to 4, and a is 0 or 
an integer of 1 to 1 0). Particularly production methods relating to (Composition 11), (Composition 13) and (Composition 
1 6) are proforably applied. 

[0028] Actual examplos ol X and Y in Formula (VI) are oach independently optionally substituted, saturated hydro- 
carbons having 1 to 12 carbons such as methylono, ethylene, trlmethylene, tetramethyleno, pontamethylono, hoxam- 
ethylene, heptamethylene, octamothylene, nonamethylene, decamethylene, undecamethylene, dodecamothylene, 
methylmethylene, dimethylmethylene, methylethylene, methylene ethylene, ethylethytene, 1 ,2-dimethylethylene, 
1 -methyltrimethylene, 1 -mothyltetramethyleno, 1 ,3-dimethyltrimethylene, 1-ethyl-4-methyl-tetramethylone, 2-hydrox- 
ytrlmethylene, 2-hydroxy-2-methyltrimethylene, 2-hydroxy-2-ethyltrlmethylene, 2-hydroxy-2-propyltrlmethylene, 2-hy- 
droxy-2-isopropyltrimethylene and 2-hydroxy-2-butyltrimethylene; optionally substituted, unsaturated hydrocarbons 
having 1 to 12 carbons such as vinylene, propenylene, 2-butenylene, ethynylene, 2-butynylene and 1 -vinyl ethylene; 
and saturated or unsaturated hydrocarbons having 1 to 12 carbons and ether bonds such as ethylene oxyethylene, 
tetramethylene oxytetramethylene, ethylene oxyethylene oxyethylene, ethylene oxymethylene oxyethylene, and 1 ,3-di- 
oxan-5,5-blsmethy!ene. 

[0029] Actual examples of R 8 in Formula (VII) include methylene and ethylene, and those of R 9 in Formula (VIII) 
include hydrogen and alkyl having 1 to 4 carbons such as methyl, ethyl, n-propyl, isopropyl, n-butyl and t-butyl. 
[0030] Actual examples of R 4 to R 7 are each independently halogen such as fluorine, chlorine and bromine; alkyl 
having 1 to 8 carbons such as methyl, ethyl, n-propyl, isopropyl, n-butyl and t-butyl; and alkenyl having 2 to 8 carbons 
such as vinyl, propenyl, isopropenyl and butenyl. 

[0031] The following are actual examples of compounds of Formula (V): 

1) Compounds where X and/or Y in the formula are optionally substituted, saturated hydrocarbons having 1 to 12 
carbons; 

4-[4-(4-hydroxyphenylsulfonyl)phenoxy-4-^ 
diphenyl sulfone, 4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyloxy]diphenyl sulfone, 4,4'-bis[4-(4-hydroxy- 
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phenylsulfony1)phenoxy-3-propyloxy]diphenyl sulfone, 4,4'-bis[4-(4-hydroxyphenyIsulfonyl)phenoxy-4-butyloxy] 
diphenyl sulfone, 4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy-5-pentyloxy]diphenyl sulfone, 4,4'-bis[4-(4-hydrox- 
yphenylsulfonyl)phenoxy-6-hexyloxy]diphenyl sulfone, 4-[4-(4-hydroxyphenylsu!fonyl)phenoxy-4-butyloxy]- 
4'-[4-(4-hydroxyphenylsulfony!)phenoxy-2-ethyloxy]diphenyl sulfone, 4-[4-(4-hydroxyphenylsulfonyl)phenoxy- 

5 3-propyloxy]-4'-[4-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyloxy]diphenyl sulfone, 4,4'-bis[4-[4-(2-hydroxypheny1- 

sulfonyl)phenoxy]butyloxy]diphenyl sulfone, 4,4'-bls[4-[2-(4-hydroxyphenylsulfonyl)phenoxy]butyloxy]diphenyl 
sulfone, 1 ,1 -bis[4-(4-hydroxyphenylsulfonyl)phenoxy]methane, 1 ,2-bis[4-(4-hydroxyphenylsulfonyl)phenoxy] 
ethane, 1 ,3-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]propane, 1 ,4-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]bu- 
tane, 1 ,5-bis[4-(4-hydroxyphenylsu!fonyl)phenoxy]pentane and 1 ,6-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]hex- 

10 ane. 

2) Compounds where X and/or Y in the formula are optionally substituted, unsaturated hydrocarbons having 1 to 
12 carbons; 

1,2-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]ethylene, 4,4'-bis[4-[4-(4-hydroxyphenylsutfonyl)phenoxy]- 
15 2-trans-butenyloxy]diphenyl sulfone, 4-[4-[4-(4-hydroxyphenylsulfonyl)phenoxy]-2-trans-butenyloxy]-4'-[4-(4-hy- 

droxyphenylsulfonyl)phenoxy-4-butyloxy]diphenyl sulfone, 4-[4-(4-hydroxyphenylsulfonyl)phenoxy]-2-trans-bute- 
nyloxy]-4'-[4-(4-hydroxyphenylsulfonyl)phenoxy-3-propyloxy]diphenyl sulfone, 4-[4-[4-(4-hydroxyphenylsu1fonyl) 
phenoxy]-2-trans-butenyloxy]-4'-[4-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyloxy]diphenyl sulfone, 1,4-bis 
[4-[4-[4-(4-hydroxyphenylsulfonyl)phenoxy-2-trans-butenyloxy]phenylsulfonyl]phenoxy]-cis-2-butene and 1,4-bis 
20 [4-[4-[4-(4-hydroxyphenylsulfonyl)phenoxy-2-trans-butenyloxy]phenylsulfonyl]phenoxy]-trans-2-butene. 

3) Compounds where X and/or Y in the formula are saturated or unsaturated hydrocarbons having 1 to 1 2 carbons 
and ether bonds; 

4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]dibutyl ether, 2,2'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]di- 
25 ethyl ether, 4,4 , -bis[4-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyleneoxyethoxy]diphenyl sulfone, 2,2'-bis 

[4-[4-[4-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyleneoxyethoxy]phenylsulfonyl]phenoxy]diethyl ether, 2,4'-bis 
[2-(4-hydroxyphenylsulfonyl)phenoxy-2-ethyleneoxyethoxy]diphenyl sulfone, 2,4'-bis[4-(2-hydroxyphenylsulfonyl) 
phenoxy-2-ethyleneoxyethoxy]diphenyl sulfone, 4,4 l -bis[3 1 5-dimethyl-4-(3,5-dimethyl-4-hydroxyphenylsulfonyl) 
phenoxy-2-ethyleneoxyethoxy]diphenyl sulfone, and 4,4 , -bis[3-ally!-4-(3-allyl-4-hydroxyphenylsulfonyl)phenoxy- 
30 2-ethyleneoxyethoxy]diphenyl sulfone. 

4) Compounds where X and/or Y in the formula are groups represented by Formula (VII); 

a,a , -bis[4-(4-hydroxyphenylsulfonyl)phenoxy]-p-xylene, a,a'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]-m- 
xylene, a, a'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy]-o-xylene, a, a'-bis^-^-^^-hydroxyphenylsulfonyOphe- 

35 nyl-1,4-phenylenebismethyleneoxy]phenylsulfonyl]phenoxy]-p-xylene, a, a'-bis[4-[4-[4-(4-hydroxyphenylsulfonyl) 

phenyl-1,3-phenylenebismethyleneoxy]phenylsulfonyl]phenoxy]-m-xylene,a,a'-bis[4-[4-[4-(4-hyd 
nyl)phenyl-1,2-phenylenebismethyleneoxy]phenylsulfonyl]phenoxy]-o-xylene, 4,4 , -bis[4-(4-hydroxyphenylsulfo- 
nyl)phenyl-1 ,4-phenylenebismethyleneoxy]diphenyl sulfone, 4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenyl-1 ,3-phe- 
nylenebismethyleneoxy]diphenyl sulfone, 4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenyl-1 ,2-phenylenebismethyle- 

40 neoxy]diphenyl sulfone, 4,4 , -bis[3,5-dimethyl-4-(3,5-dimethyl-4-hydroxyphenylsulfonyl)phenyl-1 ,4-phenylenebis- 

methyleneoxy]diphenyl sulfone, 4,4 , -bis[3 l 5-dimethyl-4-(3,5-dimethyl-4-hydroxyphenylsulfonyl)phenyl-1 ,3-phe- 
nylenebismethyleneoxy]diphenyl sulfone, 4,4'-bis[3,5-dimethyl-4-(3,5-dimethyl-4-hydroxyphenylsulfonyl)phenyl- 
1,2-phenylenebismethyleneoxy]diphenyl sulfone, 4,4 , -bis[3-allyl-4-(3,allyl-4-hydroxyphenylsulfonyl)-1 ,4-phe- 
nylenebismethyleneoxy]diphenyl sulfone, 4,4'-bis[3-allyl-4-(3-allyl-4-hydroxyphenylsulfonyl)-1 ,3-phenylenebis- 

45 methyleneoxy]diphenyl sulfone and 4,4 , -bis[3-allyl-4-(3-allyl-4-hydroxyphenylsulfonyl)-1 ,2-phenylenebismethyle- 

neoxy]diphenyl sulfone. 

5) Compounds where X and/or Y in the formula are groups represented by Formula (VIII); 

4,4'-bis[4-(4-hydroxyphenylsulfonyl)phenoxy-2-hydroxypropyloxy]diphenyl sulfone and 1 ,3-bis[4-[4-[4-(4-hy- 
50 droxyphenylsulfonyl)phenoxy-2-hydroxypropyloxy]phenylsulfonyl]phenoxy]-2-hydroxypropane. 

[0032] Of these compounds, preferred are where a is 0 or an integer of 1 to 3, and X and/or Y are -CH 2 CH 2 - 
0-CH 2 CH 2 - or -CHCH=CHCH 2 - 

[0033] A compound of Formula (V) can be produced using, instead of a compound of Formula (III), a compound 
55 represented by Formula (IX) 
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A ' X A'' en A ' Y A 1 (IX) 

(wherein. A! to A-l .in* each independently halogen), at cor ding to .i rnelhod loi producing ;i compound of (I) w)in h r. 
described laler I Mr product is a • . in< ]h * ci hi ipound or a mixture of several ( :or upon nds I he present invention i\ npph 
cabin to separate m f>nnfy the-.e i < >n ipoi mi I- . horn starling in.iloii.it'. and I jypr odt i< I- , 

[0034] ( hero .tn* no paitioulai restrictions on methods loi synthoM/mg compounds represented by I otmula (I) (hole 
in at tor referred to as (Compound (I)). except inventions relating to (( *,< jmpoj.it ion 1 U) and (Composition 1 M) A mot hod 
for reacting a compound represented by I nimul.i (II) (heron inl loi referred to a:. Compound (II)) with a compound 
represented by f ounuln (III) (herein; tflor referred to a-; Compound (III)) in a solvent in the presence? of mi alkali is 
exemplified a:, mo;, I preferred 

[0035] In I ormolu (III), X is ha logon Mich . is chlorine, bromine oi iodine Actual example:, of compound:, of I or inula 
(II!) include alkyl halidos such a:, methyl iodide, ethyl iodide, ethyl bromide, n propyl iodide, n propyl bromide, n propyl 
chloride, isopropyl iodide, isopiopyl bromide, isopropyl chloride*, n butyl iodide, n butyl bromide, see butyl iodide, sec 
butyl bromide, t butyl iodide, I butyl bromide, n ponlyl iodide, n ponlyl bromide, n hoxyl iodide and n hexyl l)iomido, 
alkenyl halidos .such as allyl chloride, allyl biomide, allyl iodide 1 , crotyl chloride and erotyl bromide, cycloalkyl halidos 
such as cyelopropyl iodide, cyelopropyl bromide, oyelopiopyl chloride, cyclopenlyl iodide, cyclopentyl l)fomide, cy 
clopcntyl chloride. oyclohtsxyl iodide, eyelohexyl bromide nnd cyclohexyl chloride, and aralkyl halidos such as bon/yl 
iodide, bon/yl bromide, bon/yl chloride, A chlorobon/yl iodide, A methylben/yl bromide, 3 chlorobon/yl chloride, 
(1 -phcnyl)othyl iodide, (1 phonyl)othyl bromide, V phonylolhyl bromide, *S phonylothyl chloride and 'J phonylpropyl bro 
mido 

[0036] Of them, a preferred compound of f ormula (III) is where X is bromine It is particularly favorable lo use Iso 
propyl bromide. An amount of Compound (III) used is usually in the; range of 1 to 3 moles, preferably 1 to 1 h moles, 
to a mole of Compound (II) 

[0037] Actual examples of bases used for the reaction include alkali metal hydroxides such as sodium hydroxide 
and potassium hydroxide, alkaline earth metal hydroxides such as magnesium hydroxide and calcium hydroxide, alkali 
metal carbonates such as calcium carbonate, and organic amines such as triethylamino, pyridine and dia/abicyclo 
[5.4.0|undo 7 cone Of them, alkalis, including alkali metal hydroxides such as sodium hydroxide are particularly pro 
forrod An amount of a baso used is usually in the rango of 1 to b moles, proforably 1b to 3 molos, to a molo of 
Compound (II) 

[0038] Fxamples of solvents used include water, amides such as N,N dirnothylformnmido and N,N dimethylneota 
midc; alcohols such as methanol, cthanol and propanol, and two phaso, mixture solvents such as wator-toluono, walor- 
xylono and wator-bon/ono. An amount of a solvent used is usually in tho rango of 0.1 to 10 parts by woight to a part 
by woight of Compound (II). 

[0039] A reaction method is, for example, by adding Compound (III) to a solution of an alkali salt of Compound (II). 
There are no particular restrictions on how to add Compound (HI). Examples arc a method of dropping a fixed amount 
of Compound (2) continuously into a reaction solution and adding Compound (Ml) littlo by little ovor sovoral timos. A 
reaction is carried out usually at a tcmperatu rc between room tomporaturo and tho boiling point of tho solvent, proforably 
between 45 to B0°C, and normally finishes in about 1 to 25 hours. 

[0040] A method for producing a compound of Formula (I) in the present invention Is a general term for all processes 
from starting materials to the completion of a product, covering a reaction process for reacting starting materials to 
give a reaction mixture containing Compound (I), such as a process for reacting Compound (II) with Compound (III), 
as well as a purification process, such as separation of the materials and impurities; processes for separating Com- 
pound (I) after the completion of the purification process, such as crystallization, distillation, filtration and recrystalliza- 
tion; and processes particularly required for industrial production, such as drying and solvent recovery. Actual examples 
are a combination of a series of processes of pretreatment, reaction, purification, crystallization, filtration, drying and 
solvent recovery, and a combination of each process twice or more. 

[0041] The reaction mixture thus obtained contains Compound (I) as well as impurities such as unreacted Compound 
(II), unreacted Compound (Ml) and a byproduct of 4,4'-dihydroxydiphenyl sulfone diether. It is therefore necessary to 
separate these impurities from the reaction mixture, that is, purification of the reaction mixture, in order to produce the 
target compound of high purity. 

[0042] The production method of the present invention is described in detail, using as an example, when a reaction 
mixture of 4,4 , -dihydroxydiphenyl sulfone (hereinafter referred to as BPS) and Compound (III) is purified to isolate the 
target compound, that Is, a compound represented by Formula (V) (hereinafter referred to as Compound (V)). 
[0043] To react BPS with Compound (III) in the presence of a base, it is usually carried out in a way that, for example, 
a BSP salt produced from BPS and a base is reacted with Compound (III). Solubility of the BPS salt in non-polar organic 
solvents is low so that the reaction is usually carried out in a polar solvent, water or a mixed solvent of water and 
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organic solvents. BPS has two positions to form a salt with a base in one molecule. A problem is therefore how to 
control the production of a byproduct of 4,4'-dihydroxydiphenyl sulfone diether (hereinafter sometimes referred to as 
the diether) in the reaction. 

[0044] For example, thanks to the fact that a salt of Compound (V) with a base (alkali) (hereinafter referred to as 
5 Compound (V) salt) is less soluble in water than the said di-salt compound is, there is a method that Compound (III) 
is reacted with the di-salt compound in a saturated or nearly saturated aqueous solution to deposit the Compound (V) 
salt to remove to the outside of the reaction system as crystals. 

[0045] Another example is that a reaction is carried out in a two-phase system of water and a water-nonmiscible 
organic solvent, which dissolves Compound (V) to some extent, pH is controlled to restrain the formation of the said 
10 di-salt and Compound (V) salt, and produced Compound (V) is dissolved in the organic solvent to remove into the 
outside of the system. 

[0046] In either method, after the reaction is completed, the reaction mixture contains impurities of BPS, the diether 
and others. If such impurities are contained, it is difficult to isolate the target compound of high purity as crystals only 
by operations such as recrystallization, because the structures of the impurities are similar to that of the target corn- 
's pound. A method is applied for separating the impurities by pH adjustments, as BPS, Compound (V) and the diether 
are different in acidity. 

[0047] An operation of purifying the said reaction mixture to isolate the target compound is carried out, for example, 
according to steps described below: 

20 (a) First, remove unreacted Compound (III). 

The reaction solution usually contains unreacted Compound (III). Compound (III) is generally unstable in water, 
particularly in an aqueous alkaline solution, and is more unstable and easily decomposes when heated. As de- 
scribed above, when water is used as a reaction solvent and an alkali as a base, Compound (III) has to be used 
in an excessive amount because of its easy decomposition during the reaction. Compound (III) decomposes to 

25 generate an acid if it is present in post-treatment processes, such as purification, after the reaction is completed. 

The acid reacts with the alkali to reduce pH of the reaction solution. 

The pH reduction is local and its change is small. An accurate pH adjustment is however particularly required, 
as described later, in order to separate the target compound into the organic layer and impurities into the aqueous 
alkali layer precisely. Non-uniform pH values or pH values different from preset values result in difficulties in com- 

30 plete separation of the target compound from starting materials and byproducts. 

In this reaction, the reaction solution was sometimes colored in the process for purifying the reaction solution 
after the reaction was completed and the product, Compound (V), also colored. Once the product is colored, a 
problem is difficulties in decoloring. 

The inventors have studied causes of the coloring in detail. As a result, it was considered that a reason why 

35 the reaction solution was colored in the purification process was because heavy metal ions, such as iron ions, 

contained in industrial water used as a reaction solvent and as water in the purification process or dissolved from 
an SUS reaction tank, formed chelate compounds with compounds having phenolic hydroxyl groups, such as 
Compound (V), and the chelate compounds were the cause of the coloring. It was also considered that the chelate 
compounds, which caused coloring, were easily formed because the pH value of the reaction solution lowered 

40 locally to produce a pH region where a compound having a phenolic group could form a chelate compound with 

a heavy metal ion. It is therefore necessary to control pH precisely and uniformly in the purification process in order 
to efficiently prevent the formation of the chelate compounds and to produce non-colored products. 

The present invention has made it possible to prevent the pH value of the reaction solution from changing due 
to the decomposition of Compound (III) so as to adjust the pH accurately, by providing a process for removing 

45 unreacted Compound (III) contained in the reaction solution in the process for purifying the reaction solution after 

the reaction is completed. 

Compound (III) may be removed after the completion of the reaction and before the isolation of the target 
compound. In the present invention, it is favorable to remove Compound (HI) after the completion of the reaction 
and before the said pH adjustment of the aqueous layer, from the viewpoint of accurate pH adjustment with control 

so of pH changes to the minimum. It is more favorable to remove unreacted Compound (III) after the reaction is 

completed and before the diether is extracted with organic solvents for removal. In other words, it is preferable to 
provide the process for removing Compound (III) immediately after the reaction process. 

There are no particular restrictions on methods for removing Compound (III). Examples include (1) after the 
reaction is completed, the reaction solution is heated to evaporate Compound (III) to remove; and (2) after the 

55 reaction is completed, an extract solvent, such as benzene or toluene, is added to the reaction solution to extract 

Compound (III) to remove. 

Of them, Method (1) is simpler in the present invention. In the operation of evaporating for removal in Method 
(1), it is preferable to distill out Compound (HI) together with the solvents used for the reaction. Particularly when 
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watei r. ii-.i'<j -i n. ii h'Mi ".nlvi'Ml il r. f.ivotnhle In .ni I ,i uilvrnl nzeoliopn will) water, sin h .r. Inlueuo m 
benzene, .iik] lo (li-.till out ( ^uir ipoun< 1 (III) h >< )i >tln m with the n nxci j ■.olver il he< , him? Compound (III) i .in I >■ - u -r i »v 
or f x J .it .i 1 1 )Wi m tempi m. ih in • with I hi ■ i nu ur nniri doeou ipo\ lion Mi 'II i< ■< I ( I ) < .in ho earned out ; tl Iho . ill n< >■ | iln - in 
pressure or under redix < m I pre-. sine II performed under iedm ed [homim 1 . emended ( % .nm| lound (III) can ho 
evaporated lo loniovo , it .i town lompof . tliiro so th.it pi I eh.inqes due to I hi* decomposition ol Compound (III) i .in 
be conttolli *d 

Compound (III) removed (mm Iho to.n 1 1 c j r l solution rn.iy ho iccovcfol or obtained hy olhoi means foi reuse 
In Iho production molhod of Compound (I) wilh .i process lor removing Compound (III) after Compound (II), 
such and Compound (III) nro fended in 0 'A to I h p. id;, hy weight ol nn aqueous solvent lo ,i p;ul hy 

weight ol Compound (II) in Iho presence ol 1 h to :t moles of nn alkali lo u mole of Compound (II) followed hy 
distillation of Compound (III), if Compound (III) i:. healed to cjir.till out und f ht :n wntor is further uddod to di.-.till 
Compound (III) to romovo, Iho compound is efficiently rocoveied and production of impurities, such as tin; diothoi, 
Crin bo controlled 

It is favorable to odd w. ilei separately over several limes In addition, an amount of water added a I I he beginning 
is in the lanqe ol 0 03 and 0 1 pad.\ hy weight, moie pieleiahly 0 04 and 0.0B part;; hy weight, lo a pad hy weight 
of Compound (II) A favorable way is. to control an nmounl ol water added at the beginning for a sufficient recovery 
of Compound (III) If loss than O 0;i parts by weight, Compound (III) cannot be distilled out sufficiently if exceeds 
0.1 parts by weight, impurities, such as the diothor, are moo; produced. An amount of water added at Iho second 
time and after may he the same as that at the beginning, or larger if Compound (III) remains in small nmounl 

The smaller an amount of Compound (III) remain;, in the readier) solution after Compound (III) is. distilled out, 
tho more preferable It becomes more difficult lo completely remove the compound by distillation with a larger 
reaction scale Compound (III) remaining in the reaction solution after distillation may bo contained, for example, 
in an organic solvent used in the process for cryslalh/ing Compound (I) (Compound (V)) from the organic solvent, 
via post processes I he organic solvent used for the crystallization is often recovered for reuse? after Compound 
(I) is filtrated. House of tho solvent containing a large amount of Compound (III), as described above, causes 
problems such as coloring of Compound (I) because of decomposition of Compound (III) in various processes II 
is thoroforo necessary to roduco the amount of Compound (III) In tho organic solvent It is usually preferable lo 
control to 1% by weight or less It Is favorable lo distill out Compound (III) so that the content of Compound (III) In 
the organic solvent used in the crystallization process Is 1% by weight or less 

(b) Next, a water nonmisciblo solvent and, if required, water and/or an alkali (aqueous) are addod to tho reaction 
mixture to mako a two phaso solution of organic and aquoous layors. When a polar solvont is usod for tho roaction, 
it is proforablo to carry out this operation aftor tho polar solvont Is recovered or romovod It Is also favorable to 
adjust pH to 8 or above to complotoly soparato tho diothor from tho Compound (V) salt There aro no particular 
restrictions on tho said water-nonmiscible solvents if thoy aro organic solvents that do not mix with wator. Aromatic 
hydrocarbons such as toluono, xylono and bonzono aro proforably used. The separation oporation separates tho 
diether having no phonolic hydroxyl group into tho organic layor and tho target compound into tho aquoous layor. 

The separation oporation is favorably carrlod out at a temperature abovo the crystallization temperature, usu- 
ally in the temperature range of 70 and 90°C, from the viewpoint of preventing the target compound, impurities 
and the like from crystallizing. An amount of the water-nonmiscible organic solvont used is usually in the range of 
0.5 and 5 ml to 1g of BPS used as a starting material. Compound (V) produced and unreacted BPS are both 
soluble, but the diether is Insoluble, in aqueous alkaline solutions. Without using a water-nonmiscible organic 
solvent, the diether can be removed in a way that a reaction mixture obtained after organic solvents and the like 
are removed (or after the reaction is completed if water is used as a reaction solvent) is adjusted pH to 8 or above 
and deposited diether is filtered off. 

(c) Then, the aqueous layer containing the target compound is separated. A water-nonmiscible organic solvent 
and, if required, water are added to the obtained aqueous layer to make a two-phase solution of organic and 
aqueous layers. The aqueous layer is adjusted pH to a preset value (P1 ). The adjustment of pH to the preset value 
(P1) separates the target compound into the organic layer and impurities including BPS into the aqueous alkali 
layer. The pH value is usually adjusted by adding an acid or alkali to the aqueous layer. In this case, after the pH 
of the aqueous layer is adjusted, a water-nonmiscible organic solvent may be added to extract the target compound. 

Examples of acids for use include hydrochloric acid, sulfuric acid and nitric acid. Sodium hydroxide and po- 
tassium hydroxide are exemplified as alkalis for use. An alkali, when used, can be added in a form of aqueous 
solution. It is preferable to add an acid or alkali little by little in amount while sufficiently stirring the whole mixture 
from the viewpoint of prevention of drastic pH changes and precise pH adjustment. The preset value (P1) of pH 
is usually in the range of 8 and 9, preferably 8.3 and 8.7. In this case, to prevent the target compound and impurities 
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from crystallizing, It is favorable to add a water-nonmiscible organic solvent and water, as required, to the reaction 
solution and to carry out the separation operation while keeping a temperature above the crystallization temper- 
ature, usually in the range of 70 and 90°C. 

(d) Furthermore, water and, if required, a water-nonmiscible organic solvent are added to the organic layer obtained 
after the said aqueous layer is removed, to make again a two-phase solution, and the aqueous layer is adjusted 
pH to a preset value (92). Particularly when the reaction mixture is high in concentration, a third layer in which the 
target compound is not completely separated from BPS and others may be formed near the interface between the 
organic and aqueous layers. In this case, it is necessary to remove the completely separated aqueous layer, and 
the remaining organic and third layers are adjusted pH for completely separating BPS from the target compound. 

In the prior art, water and a water-nonmiscible organic solvent are added to a reaction product containing the 
target compound to make a two-phase solution, pH of the aqueous layer is adjusted to a preset value to separate 
the organic layer, andthe target compound is obtained from the organic layer. However, particularly when a reaction 
mixture of high concentration is purified, for example, when a reaction mixture obtained from a reaction of materials 
of high concentrations or a reaction mixture containing a high concentration of inorganic salt is purified without 
diluting it much, it has been difficult to separate the target compound from impurities with only one pH adjustment. 

The inventors have studied causes of the above difficulty. As a result, the following were considered to be 
causes of the difficulty in the complete separation of the target compound from impurities: 

(1 ) A difference in acidity between the phenolic hydroxyl groups of Compound (V) and BPS is small . Therefore, 
it is impossible to separate the target compound from BPS and others completely without an accurate pH 
adjustment. 

(2) Solubilities of both of the target compound and BPS in water and water-nonmiscible solvents are relatively 
small. Because of this, when a water-nonmiscible solvent is added to a mixture of these to make a two-phase 
solution, particularly when a solution of the mixture of high concentration is used, a third, intermediate layer 
in which Compound (V) and BPS are mixed without being separated is formed near the interface between the 
aqueous and organic layers. Therefore, their separation is insufficient. A ratio of the layer in the whole solution 
tends to become larger as a reaction product is higher in concentration. 

(3) Due to the effect of salting out by a large amount of inorganic salts produced from the reaction of Compound 
(III) with BPS, BPS salts do not dissolve in the aqueous layer completely and cannot dissolve in the organic 
layer either so as to take Compound (V) in to form the third layer. 

(4) On the other hand, when the target compound is produced at an industrial scale, fairly large amounts of 
water and a water-nonmiscible organic solvent cannot be added to the reaction solution because of work 
efficiency and capacities of reaction and treatment tanks. 

(5) Therefore, it may be often the case that it is difficult to completely separate the target compound, Compound 
(V), from BPS when a series of operations of adjusting pH of the aqueous layer to be treated to a preset value 
and separating the organic layer is carried out only once. 

Based on the above facts, in the present invention, a series of operations consisting of a pH adjustment of the 
aqueous layer of the two-phase solution and separation of the organic layer is repeated several times in order to 
produce the target compound of high purity in high yield. 

The present invention provides methods for producing 4,4'-dihydroxydiphenyl sulfone monoethers, in which 
the target compound of high purity is isolated efficiently from a mixture even if the mixture contains the target 
compound and impurities of high concentrations. 

When the reaction product obtained from a reaction of BPS with a compound of Formula (III) in a solvent in 
the presence of a base is purified, only a requirement is an addition of the operations of the pH adjustment of the 
aqueous layer of the two-phase solution and separation of the organic layer, without changing the current produc- 
tion lines at all. 

Therefore, according to the purification method of the present invention, 4,4 , -dihydroxydiphenyl sulfone mo- 
noethers of extremely high purity can be produced advantageously in industrial production. 

The second pH adjustment can be done by an operation similar to that of the first. An adjustment of pH of the 
aqueous layer to a preset value (P2) removes impurities contained in the organic layer into the aqueous layer. The 
pH value (P2) can be set to the same value as that of P1 . It is however preferable to set P2 very slightly different 
from the pH value of the first adjustment in order to completely separate the target compound from BPS. Setting 
P2 to a value lower than P1 is preferred. For example, P1 is set in the range of 8.4 and 8.7 and P2 in the range 
of 8.3 and 8.6. A series of the operations of the pH adjustment of the aqueous layer of the two-phase solution and 
separation of the organic layer can be repeated further, if required. 

As described above, if a series of the operations of adjusting pH of the aqueous layer to the preset values (P1 
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. i n • I I ';') .Hid separating tho or gar m .layer i:. h'pr.iltMj [wi« < - m in -to in I In- pun f. -i pui ilying tho msm In m si iluliori 
■],•!' ilihy< If t jxyd, phenyl ::ulf i jm« ; ninnnrflicf:, of extremely high punly i an be isolated lium Ihe leant "ii emlum 

In the process of pur ilieahon with water and .in oiganh solvenl loi removing impurities, other than i ompound 
(I) fiom tlio reaction solution as ( lose :nl)o( j above hy . u If 1 1- -I mi | pi I of tin* re.u lion '.olulion prodm imI fioin the 

b leaetion ol Compound (II) wilh Compound (III) in a solvent in Ihe presen< c of .i base, it is preferable lo sol a 

concentration of tin; compound of I or inula (III) in the organn solvenl lo !•".. hy wetghl or loss, mom pmfeinbly 
hy weight or holow. and furlheimoro preferably 1".. by weight or lo:.:. An organic :.olvonl used for ,i puufic. ilion 
procr".', such a:; thai mentioned ahovo, is oflon an organic solvent, for example, that i:; used in a < ryslalli/ahoii 
process arid recovered for reuse In tin:, ease, tin 4 '.olvonl rn.iy t onlain compounds involved in tin ' reaction i >f 

w thorn, Compound (III) easily decompose:, when oml.n with w.ilor, alk.tll ol the hko Use of an organic solvent 

containing such a compound for a |)iinf icalion process may cause problems including coloring ol Compound (I) 
It is. necessary lo reduce the conlenl ol sue!) an impurity as much as possible lo reduce an amount of Compound 
(III) contained in an organic solvent to bo used in Ihe purification process, a now organic solvenl can be used 
instead of a recovered orrjanic solvent lor rouse A recovered solvent allei precision distillation may be also used 

15 | ( ,r an efficient production overall, however, il is prelerable to distill out unreached Compound (III) to the outside 

of the system as much as possible so as not to remain any, in Ihe process for distilling Compound (III) to remove 

(e) I in. illy, the organic layer is separated from the two phase r.olulion after the final pi \ adjustment is earned out, 
washed wilh water if necessary, and cooled lo deposit eryslals I ho crystals am separated by filtration, washed 
20 with walei and dried to give the target compound 

[0048] Compound (I) may often form a molecular compound particularly with a crystallization solvent in the crystal 
lization process for taking out tho compound a?; crystals, because? of Its structural and electronic properties If Compound 
(I) forming a molecular compound wilh tho crystallization solvenl or tho like is filtrated and then heated to dry under 

25 reduced pressure while leaving lo stand, the compound may melt simultaneously when the crystalline form as the 
molecular compound collapses, and form amorphous block particles will) surrounding crystals in the condition of keep 
ing tho solvent Inside, halfway through the process that the solver)! breaks the bond with Compound (I) find vaporizes 
There Is no problem If the compound melts at a temperature above the melting point of Compound (I), because Com 
pound (I) itself does not crystallize even if releasing the solvent molecule. In case of melting below the melting point 

30 of Compound (I), Compound (I) crystallizes after the molecular compound melts and the solvenl vaporizes Bccauso 
of this, it is ofton tho case that part of the solvent docs not vaporize completely and is taken in tho inside of block 
particles. It is vory difficult to pulvorizo such block particlos unloss considomblo forco is appliod from tho outsido I ho 
solvent taken In tho Insldo cannot be removed completely 

[0049] Thoroforc, tho present invention is characterized in drying with mechanical stir. It Is particularly favorable to 

35 dry by heating under reduced pressure with mechanical stir 

[0050] Actual oxamples of solvents to form molecular compounds with Compound (I) include water; alcohols such 
as methanol, othanol, n-propanol, isopropanol and 1 ,2-butanodiol; kotonos such as acetono, mothyl othyl kotono and 
acetyl acetono; nitrites such as acetonitrile and bonzonitrllo; others such as diethyl ether, dibutyl other, totrahydrofuran 
and dioxane; esters such as methyl acetate, ethyl acetate and butyl acetate; amides such as N,N-dimethylformamide 

40 and N,N-dimethylacetamide; halogenated hydrocarbons such as dichloromethane, chloroform, 1 ,2-dichloroethane and 
chlorobenzene; aromatic hydrocarbons such as dimethyl sulfoxide, benzene, toluene and xyleno; and aliphatic hydro- 
carbons such as hexane, cyclohexane and decalln. Particularly, a molecular compound formed with an aromatic hy- 
drocarbon, such as benzene or toluene, is preferably dried according to the method of the present invention, because 
the compound is apt to melt during this process. 

45 [0051] There are no particular restrictions on a ratio of Compound (I) and a solvent that form a molecular compound. 
Concretely, the ratio is in the range of 0.1 to 10 moles of a solvent to a mole of Compound (I). 

[0052] In the present invention, "mechanical stir" 1 refers to stirring a molecular compound with a stirring apparatus. 
Actual examples of stirring apparatus include those with stirring blades such as inclined paddle blades, flat paddle 
blades, propeller blades, anchor blades, faudler blades, turbine blades, bull margin blades, max blend blades, full zone 
so blades, ribbon blades, super mix blades or inter mig blades; and those with rotary disks such as disk, notched disk or 
screw. 

[0053] A vacuum stirring apparatus with a stirring apparatus may be of batch or continuous type. Actual examples 
include Paddle Dryer (made by Nippon Kansoki Co., Ltd), Multifin Processor (made by Nara Kikai Seisakusho Co., 
Ltd), Plough Share Mixer (made by Taiheiyo Kiko Co., Ltd) and Inklandent Dryer (made by Tukishima Kikai Co., Ltd). 
55 [0054] A stirring speed depends on a type of stirring apparatus used and other conditions. Approximately 1 to 10 
revolutions/minute is usually satisfactory. 

[0055] A heating temperature differs, depending on a type of solvent to vaporize. For example, when toluene is used, 
it is preferably in the range of room temperature and 100°C, and particularly favorably from 50 to 90°C. 
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[0056] Drying under reduced pressure is usually carried out at 200 mmHg or below, and preferably 150 mmHg or 
less In particular. 

[0057] The content of the solvent before and after drying can be measured by such a means as calorimetnc analysis 
and differential thermal analysis. 

[0058] The present invention is characterized in use of a solvent, particularly water, containing 0.05 ppm or less of 
iron components in the process for producing Compound (I). It is preferable to use a solvent, such as water, containing 
a very small amount of iron components throughout the production processes. However, it is not always necessary to 
use it in all processes. As described above, an iron component can form a complex with Compound (I) particularly 
when pH is between 5 and 7. It is therefore favorable to use water containing a very small amount of iron components 
particularly in the process where pH control is difficult. Thus, use of a solvent, such as water, containing a very small 
amount of iron components is preferred in the reaction process for producing Compound (I) and/or in the purification 
process for removing compounds, other than Compound (I), from the reaction mixture containing Compound (I). In the 
present invention, "an amount of iron components contained" refers to a content of iron, iron compounds and iron ions 
(including ions with iron atoms) in water used and the like. These iron components, in the form existing in water and 
the like or reacting with acids or alkalis to become iron ions or ions containing iron atoms, can form colored complexes 
with Compound (I). 

[0059] Examples of methods for obtaining a solvent containing 0.05 ppm or less of iron components include known 
methods in the art, such as, in the case of water, distillation of industrial water (distilled water), and purification of 
industrial water through columns filled with substances having a function to catch iron components, such as ion ex- 
change resins (water passed through a water purifier, ion exchanged water and the like) . An amount of iron components 
contained in water can be measured with such measuring equipment as UV or visible light spectrophotometer, induc- 
tively coupled high-frequency plasma-atomic emission spectroscope, atomic absorption analyzer, photoelectric pho- 
tometer and colorimeter. 

[0060] The present invention is characterized in production of Compound (I) using reaction or purification tanks with 
corrosion-resistant layers on the inner walls (which may hereinafter refer to as "Tanks"). It is preferable to use tanks 
with corrosion-resistant layers throughout the production processes. However, it is not always necessary to use them 
in all processes. It is efficient to use Tanks when there is a risk of elution of iron components and the like, which cause 
coloring of Compound (I), from a tank into the solution due to corrosion. It is therefore preferable to use reaction tanks 
with corrosion-resistant layers in the reaction process for producing Compound (I) and/or in the purification process 
for removing compounds, other than Compound (I), from the reaction mixture containing Compound (I). 
[0061] There are no particular restrictions on materials used forthe corrosion-resistant layers, if they are not corroded 
with acids, such as sulfuric acid, or alkalis, such as sodium hydroxide, used in the reaction or purification process. 
[0062] Examples of corrosion-resistant materials include corrosion-resistant metals such as titanium, zirconium, tan- 
talum, niobium and nickel; glasses such as borosilicate glass, neutral glass, quartz glass and alkali-resistant glass; 
inorganic materials such as enamel; organic materials including fluorine resins such as ethylene tetrafluoride resins 
(PTFE orTFE), ethylene tetrafluoride-perfluoroalkoxy vinyl ether copolymers (PFA), ethylene tetrafluoride-propylene 
hexafluoride copolymers (FEP), polychlorotrifluoroethylene (PCTFE) , ethylene tetrafluoride-ethylene copolymers (ET- 
FE), chlorotrifluoroethylene-ethylene copolymers (ECTFE), polyvinylidene fluoride (PVDF) and polyvinyl fluoride 
(PVF). 

[0063] An example of a method for forming a corrosion-resistant layer on the inner wall is lining or coating of a 
corrosion-resistant material on the inner wall. As for methods for lining or coating, when a glass is used, an example 
is glass lining that a vitreous glaze is baked on the surface of the base material (steel plate) composing the tank. When 
a fluorine resin is used, coating by baking a powder and sheet lining using a glass cloth are exemplified. Of them, a 
tank whose inner wall is lined or coated with a glass or fluorine resin is preferably used from the viewpoint of heat 
resistance, durability and others. It is more favorable to use a tank with the inner wall lined with a glass (commonly 
known as GL). 

[0064] In the present invention, any of the following methods are applicable: (a) a reaction is carried out in an SUS 
tank as before, using water with a content of iron components of 0.05 ppm or less as a reaction solvent and/or purification 
solvent; (b) a reaction is carried out in a tank with a corrosion-resistant layer on the inner wall, using industrial water 
as before; or (c) water containing 0.05 ppm or less of iron components is used as a reaction solvent and/or a purification 
solvent and a tank with a corrosion -resistant layer on the inner wall also used. The method (c) is particularly preferred 
from the viewpoint of production of non-colored; highly pure diphenyl sulfone compounds more securely. 
[0065] The reaction mixture may be colored in the purification process for removing compounds, other than Com- 
pound (I), from the reaction mixture containing Compound (I). This is considered to occur because metal ions including 
iron ions' nickel ions and chromium ions, that dissolve out from an SUS reaction vessel, which is usually used as a 
reaction vessel, in the process for reacting Compound (II), such as BPS, with Compound (III), or that are contained in 
a very small amount in water (industrial water) used in the process for purifying the reaction mixture, combine with 
phenolic compounds, such as Compound (I), to form complexes, which color the reaction solution. It is difficult to 
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(j Nh the \olution (»rn o < oloiod even il puril n| n ■( h \ tl< •( lly , illor w. 11 d hoi .nr.i* <i| Ihi:.. in Iho pfoi.onl inviwilimi ,i 

chi L ihr .1 1 .Kjcnt i'. addod to Iho io.h linn niixtuio in Iho pim o. . lor piiri(yiin) Iho umi lion mixture, and i .iptun •■. Iho 
mot. 1 1 inn-. I >y chelation lor piovonlirn| Iho colon no, 

[()()(»(»} If ion > , it o no particular ro-.trii In »rr . on t holalif i< j auorit-. U'.oi I, il I hoy . ir o i ornpoiiru I v. lo hind with n ml ill i< nr. 
-*» to form < liol.tle:. Actual example iih ludo ion ipomn jr. obtained liotn h.Mi .tKiti:. of c ompound:. havuuj amino Ijioup?.. 
such a-, ammonia, polyamine nnd amino ooid'., wilh carbon disulfide. halo<|enalod oafboxylie noid:.. haloijormtod nl 
cohok nnd tho like, nnd :.alh. ol tho:.o compound;., mid dilhiooai bar nales, dimelhyh jlyoxirm dithi/ono, hipyrli linn nnd 
phonanthi ohno 

[00f>7] I xamphv; ol tin 1 nnid pnlynmino'. tin Indo olhylonodiaiiiinc, N mothylelhylonedi. irnino. N,N' dimolhylnlhylon 
10 ediamrnc, 1 ,1* di. irninopiop. inn, 1 ,\\ di. in nnopi of). inn, diethylonelr i. imino, If lolhylonoleliamine, lohamolhyl 
onepont. imino nnd peril nmelhylenehox. imine 

[00(38] I xarnples ol halogi jnaled onihoxylio noid:. include monochloi o, icetu: acid, nioiiohroinoiici.iic a< id, monom 
doaeelio and, 1 ehloi opt opionu: acid, ohlof opi opiof no acid, 1 hi omopf opionio acid nnd \> hi omopf opionio in id 
[0069] I xarnples of halogonalod alcohols include* 1 ohlor oolhanol , V chlorool hanol, 1 bromoolhanol, I' bmmoolha 
15 nol, 1 ohlor opf opanol, V chloropf opanol, V ohloroisopi opanol, \\ ehlor opropartol, 1 bmmopiopanol, V br omopf opnnol, 
? bromoisopropanol find 3 bromopi of)nnol 

[0070 J Actual examples of chelating agents include dithiocai bamatos such as r.odiurn dithiocarbamato and pot uf. Mum 
dithiocarbamato; acetic acid derivatives of aminos suc:li as othylonodinminototiaacotic acid (I I) I A), hydioxyolhyllmi 
nodiacelio acid (IIIDA), nitrilotuneetie acid (NIA), hydmxyolhylelhylonediaminelrincelic acid (HI l)IA), dmlhylnnolt i 

?o amincpontaacotic acid (DTI IA) and triothylcMietolraminehexaacotic: ai:i<J (III IA), and salts of those acetic: acid douv 
atives (for example, alkali motul salts such as sodium and potassium, alkaline earth metal salts such as calcium and 
magnesium, find ammonium salts); ethanolamines such as ethanolamine, N,N' bis(X hydroxyothyl)oIhylonodlnmino, 
N.N'.N"' tris(? hydroxyolhyl)nthylonodiamino and dihydroxyothylglyeine (1)1 If G), salts of dithiocart)amic add dorlva 
lives of polyaniines such as N,N' bis(dithiocait)oxy)othylonodiarnino so(Jiurn sail, N.N' bis(dilhiocnrboxy)othylnnodi 

•'•'» amino potassium salt, N,N' bis(dithiocarboxy)trimothylonodiamino sodium salt, N.N' bis(dithiocniboxy)trimothylonodi 
amine potassium salt, N,N' bis(dithioearboxy)diothylonetriamino sodium salt, N,N' bis(dithiocar boxyjdiolhylonotn 
amino potassium salt, N.N'.N" tris(dithiocarboxy)diothylonotriamino sodium salt, N,N\N"-tHs(dithioonrboxy)diothyloh 
otriamino potassium salt, N,N' bls(dithiocnrboxy)triothylcnotolrnmlno sodium salt, N,N' bls(dithloenrboxy)tr(othylono 
tetramine potassium salt, N.N'.N" If is(dithiocarboxy)triothylonototmmlno sodium salt and N,N\N"-tris(dithiocarboxy) 

30 triothylcnetetramino potassium salt; dimothylglyoximo, dithi/ono, bipyridino and phcnnnthrolino 

[0071] Of thoso chelating agents, preferred firo choltating agents forming wator soluble chelates (wator soluble 
chelating agonts) roprosontod by cholating agonts obtainod by roacting ammonia or polyamino with halogonatod car- 
boxylic acids and/or halogonatod alcohols; and salts of thoso agonts. Uso of ED TA or Its salts is particularly proforrod 
because of easy acquisition, handling, easy separation and tho like. 

35 [0072] Examples of EDTA salts include EDTA disodium salt, EDTA trisodium salt, EDTA totrasodium salt, EDTA 
dipotassium salt, EDTA tripotassium salt, EDTA tctrapotassium salt, EDTA calcium salt, EDIA tricalcium salt, ED I A 
diammonium salt and EDTA magnosium dipotassium salt. Whon a wator-solublo chelating agent is added to tho ro- 
action mixture, tho chelates produced are water-soluble and are not takon In the crystals of 4,4'-dihydroxydlphenyl 
sulfone. Thus, tho target compound that is completely decolored is produced. 

[0073] A chelating agent can be added at any one of the following stages: (a) after the completion of the reaction 
and before the removal of unreacted Compound (III), (b) after the removal of Compound (III) and before the removal 
of 4,4'-dihydroxydiphenyl sulfone diethers, (c) after the removal of 4,4'-dihydroxydiphenyl sulfone diethers and before 
the removal of unreacted Compound (II) with pH adjustments, and (d) after the removal of unreacted Compound (II) 
with pH adjustments. Of them, (d) is preferred, that is, a chelating agent is added after pH is adjusted to remove 

45 unreacted Compound (II). An addition of a water-soluble chelating agent at the same time when water is added to the 
reaction mixture is particularly preferred because metal ions in water are chelated to form water-soluble chelates for 
easy separation. A chelating agent can be added over several times, if required. A chelating agent is usually used in 
an aqueous solution. An addition amount of the agent may be determined properly depending on the content of metal 
ions, such as iron ion, nickel ion and chromium ion, in the reaction mixture. If an amount of a chelating agent added 

50 js too small, a coloring prevention effect by the addition of the chelating agent is unsatisfactory. On the other hand, if 
the agent is added too much, the coloring prevention effect is satisfactory but an excessive amount of the chelating 
agent may be mixed in the final product of Compound (I) as an Impurity. It is therefore favorable to measure a concen- 
tration of metal ions contained in the reaction mixture by a known method before the agent is added, and then add an 
amount of chelating agent corresponding to the concentration of metal ions. An addition amount of a chelating agent 

55 is usually from 0.0001 to 0.5 parts by weight, preferably from 0.001 to 0.1 parts by weight, to 100 parts by weight of 
the reaction mixture. 

[0074] The inventions relating to the aforementioned (Composition 7), (Composition 15), (Composition 18), (Com- 
position 24), (Composition 26), (Composition 27), (Composition 28) and (Composition 31 ) are favorably used as meth- 
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ods to produce Compound (I) that has a b value of 2.5 or less when measured by a color difference meter or that is 
visually white. Compound (I) is preferably whiter as a product when used as a developer. Production methods of the 
prior art have a problem of impossibility to supply such a product stably. The problem is solved with use of the methods 
of the present invention. 

5 

Best Forms to Implement the Invention: 

[0075] The present invention is described in detail in reference to Examples. The present invention is not limited to 
the following examples. Compound (II), types of solvents, types of tanks used in the reaction and purification processes 
w and other conditions can be changed at discretion as long as they are not deviated from the points of the invention. 
[0076] Distilled water was used in Reference Example 1, Examples 1 to 3 and Comparative Examples 1 to 4. The 
content of metal ions in the distilled water, measured by an inductively coupled plasma-atomic emission spectroscope, 
was 0.05 ppm or less. 

[0077] In Reference Example 1 , Examples 1 to 3 and Comparative Examples 1 to 4, tanks with the inner walls lined 
15 with glass (hereinafter referred to as GL tanks) were used as reaction and purification tanks. 

Reference Example 1 

[0078] 

20 



[0079] 450g of 4,4'-dihydroxydiphenyl sulfone (BPS), 255 ml of a 48% aqueous solution of sodium hydroxide and 
1 20 ml of water were placed in a reaction tank, and mixed with stirring to make the whole solution homogeneous, while 
30 temperature rose to 75°C. 225g of isopropyl bromide was slowly dropped into the obtained solution at 55 ± 3°C. The 
resulting solution was continuously stirred, after the completion of the dropping, at 55 ± 5°C for 20 hours in total from 
the beginning of the dropping. The obtained reaction solution was used to purify in Example 1 and Comparative Example 
1. 

35 Example 1 : Purification of the mixture containing 4-isopropoxy-4'-hydroxydiphenyl sulfone and impurities [(Composition 
(1) to (Composition 6)] 

[0080] 235 ml of warm water was added to the reaction solution and heated at 80°Cforan hour to evaporate unreacted 
isopropyl bromide to remove. Then , 300 ml of warm water and 250 ml of toluene were added at 80°C to stir sufficiently. 
40 The aqueous layer was separated. 

(1) First pH adjustment 

[0081 ] To the obtained aqueous layer were added 1 1 00 ml of toluene and 200 ml of water at 79°C, and stirred at the 
45 same temperature for 30 minutes. Further, 30% dilute sulfuric acid was dropped little by little with stirring at 82°C over 
an hour, to adjust pH of the aqueous layer of the reaction solution uniformly to 8.4 to 8.7. The resulting solution was 
left to stand at 82°C for 30 minutes and the toluene layer was separated. 

(2) Second pH adjustment 

50 

[0082] To the obtained toluene layer were added 300 ml of toluene and 300 ml of water at 82°C, and 30% dilute 
sulfuric acid was dropped little by little with stirring at 82°C over an hour, to adjust pH of the aqueous layer uniformly 
to 8.3 to 8.6. The resulting solution was left to stand at 82°C for 30 minutes and the toluene layer was separated. 
[0083] To the toluene layer were added 250 ml of toluene and 250 ml of water at 82°C, and stirred at the same 
55 temperature for 2 hours. Then, the resulting solution was left to stand at 82°C for 30 minutes and the toluene layer 
was separated. The obtained toluene layer was cooled to deposit crystals. The crystals were separated by filtration, 
washed with toluene and dried to give 368. Og of the target compound, 4-isopropoxy-4'-hydroxydiphenyl sulfone, as 
powder (yield: 70%). 
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[0084] Afi ,i',.ily.i , «il !hc (itMflix I loi pwnly hy hn|h | h >iim. im liquid < hn xn, ilm jr. iphy showed ( .n MM"., hy w<-i<)lil 
of -1 i * . i 'i 1 1 ( 1 1 1 1 1 x y 1 1 1 y 1 1 1 < » x y 1 1 i 1 1 f ) i ' m y I s nil or u • . ir ic I 0 0 1".. I >y w< - n jl il < »l I '-I '.' . 

Comp.ii alive I x, if i | Hi • 1 I 'hi i Ik , ilion of 1 In • n iixlun 1 i < n it. nun i< j -1 r.npropoxy 4' hydroxy dij >honyl sulfono . ui< I inif unit in*. 

^ | C^Or MJI.ll.lt I Vi- I X. Ill !| ill • . |< j. I If I' .1 t x. II Mpft • 1 j 

[008f>| ;■;<'> ml of w.iim w.iler w.t:. . t< h J« m i to the reaction solution obt. nno< i in Hoference 1 xarnj)lo 1 and healed at 
HO'C loi .in hour to evojiosito iiiiumi led isof ji opyl bromide to remove IIiimi, 'A(U) ml of warm watoi ;ind i'SO ml of 
toluene wen' .i( Idod ol H()"('. lo stir si if I u :ienlly I ho aqueous layer was .-.op. is it od 
to [008GJ I o tin; obtained , iquoous I, iyoi wot o . iddod 1 100 ml of toluene nnd ; j 00 ml of w. it or «il / ( i "C and stilted .it t ho 
some tompos'iluro for ,'10 minutes I urlher. 'MYl., dilulo sulfuric acid was dro[)pod little by little with stirring at W'C. over 
an hour, to adjust j)l I of Ihe aqueous layer uniformly lo H A lo H / I hi? resulting solution was left lo stand al W. J "i ■ for 
30 minutes and Ihe toluene l.iyer was separated 

[0087] lo tho loluono layor woro added ^f»0 ml of toluene and i'M) ml of water al H'/ 'C, and stirred al the* same 
lempoialure loi V houis I hen, the? resulting .solution was loft to stand at 82"C for 30 minutes and Ihe toluene layer 
was separated 

[0088] f ho obtained toluene layer war. eoolod lo deposit crystals I he crystals were separated by filtration, washed 
with toluene and dried lo (jive [Mill Og of the target compound, 4 isopropoxy 4' hydroxydiphenyl sulfono, as j)owdor 
(yield /()%) 

20 [0089] An analysis ol the product for purity by liquid chromatography showed 98.4% by weight of 4 isopropoxy 4' 
hydroxydiphenyl sulfono nnd 1 !>% by weight of HI 'S 

Example '? |( xamplo for (Composition 1h) to (Composition 1 /)| 

-'s [0090] 4!)0g of 4,4' (Jihydroxydif)fionyl sulfono (HPS), ?bb ml of a 48% aquoous solution of sodium hydroxide nnd 
1 ?0 ml of water woro placed in a reaction tank find mixed with stn ling to make the whole solution homogeneous, while 
temperature rose to fb"C of isoproj>yl bromide was slowly dropped into tho obtained solution at 55 I 3"C I tie 

resulting solution was continuously stirred, after the completion of tho dropping, at 55 \ b"C for 20 hours In total from 
tho beginning of tfio dropping. 

'W [0091] 235 ml of warm water was added to the reaction solution nnd floated at B0"C for fin hour lo evaporate unroacted 
isopropyl bromido to romovo I hon, 300 ml of warm water and 250 ml of toluono were addod at 80"C to stir sufficiently 
t he aquoous layor was soparatod. 

[0092] To tho obtained aquoous layor woro added 1 1 00 ml of toluono and 200 ml of water at 79" C, and stirred at tho 
same temperature for 30 minutes. Tho toluono used at this time was toluene recovered from that used for tho crystal- 
35 ligation of 4-isopropoxy-4'-hydroxydiphonyl sulfono. The contont of isopropyl bromide in tho toluono layor was 0.5% 
by weight. Furthor, 30% dilute sulfuric acid was dropped little by little with stirring at 82°C ovor an hour, to adjust pH 
of tho aquoous layor of tho roaction solution uniformly to 8.4 to 8.7. The resulting solution was loft to stand at 82°C for 
30 minutes and tho toluono layor was separated 

[0093] To the obtained toluene layer were added 300 ml of toluene and 300 ml of water at 82°C, and 30% dilute 
40 sulfuric acid was dropped little by little with stirring at 82°C over an hour, to adjust pH of the aqueous layer uniformly 
to 8.3 to 8.6. Tho resulting solution was left to stand at 82°C for 30 minutes and the toluene layer was separated. 
[0094] To the toluene layer were added 250 ml of toluene and 250 ml of water at 82°C, and stirred at the same 
temperature for 2 hours. Then, the resulting solution was left to stand at 82°C for 30 minutes and the toluene layer 
was separated. The obtained toluene layer was cooled to deposit crystals. The crystals were separated by filtration, 
^5 washed with toluene and dried to give 368. Og of the target compound, 4-isopropoxy-4'-hydroxydiphenyl sulfone, as 
powder (yield: 70%). 

[0095] An analysis of the product for purity by high-performance liquid chromatography showed 99.83% by weight 
of 4-isopropoxy-4'-hydroxydiphenyl sulfone and 0.01% by weight of BPS. A measurement of the product by a color- 
difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP) showed that the b value was 2.5 or 
50 less. No coloring was observed. 

Comparative Example 2 [Comparative Example against Example 2] 

[0096] Example 2 was repeated, except that recovered toluene was added to adjust pH and the content of isopropyl 
55 bromide in the toluene layer was 5.5% by weight, to give 4-isopropoxy-4'-hydroxydiphenyl sulfone with the same yield 
and purity. The product was however visually colored yellow. 
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Example 3 [Example for (Composition 7) to (Composition 14)] 

r00971 21 Oq of BPS 74.2 ml of a 48% aqueous solution of sodium hydroxide and 740 ml of water were placed in a 
reaction tank, and mixed with stirring to make the whole solution homogeneous, while temperature rose to 80°C. 705 

5 ml of toluene was added to the obtained solution at 70°C and 1 65g of isopropyl bromide (iPr-Br) was dropped with 
stirring The resulting solution was stirred at 76 to 80°C for 8 hours. Then, 4.8 ml of a 48% aqueous solution of sodium 
hydroxide and 22g of isopropyl bromide were added and stirred at 78 to 80-C for 6 hour.. Further, ! 3 3 ml of a 48 X. 
aqueous solution of sodium hydroxide and 25g of isopropyl bromide were added and reacted at 78 to 81 C for 8 hours. 
[0098] After the reaction was completed, 300 ml of toluene was added to the reaction solution and heated at 80 C 

io for 3 hours to evaporate unreacted isopropyl bromide to remove completely. 

r00991 Then 200 ml of water, 694 ml of toluene, 2.5g of anhydrous sodium carbonate (soda ash) and 1 0 ml of warm 
water were added to the reaction solution, and further a 48% aqueous solution of sodium hydroxide was added to 
adjust pH of the reaction solution to 8.55 ± 0.02. The resulting solution was left to stand for 30 minutes and the toluene 
laver was separated. To the toluene layer were added 500 ml of water and 800 ml of toluene at 75 to 80°C. The result.ng 

13 solution was stirred at the same temperature for 30 minutes, and left to stand for 30 minutes. The toluene layer was 
separated and cooled. The deposited crystals were separated by filtration, washed with water and dned to give 171 ,7g 
of the target compound, 4-isopropoxy-4'-hydroxydiphenyl sulfone, as powder (yield: 70%). At this time, an amount of 
isopropyl bromide contained in the toluene layer was analyzed by gas chromatography, being 0.5% by weight. 
[0100] The obtained 4-isopropoxy-4'-hydroxydiphenyl sulfone was 99% or more in purity, and had a b va ue of 2 5 

20 or less when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). No 
coloring was observed. 

Example 4 [Example for (Composition 1 8) to (Composition 23)] 

[01011 450g of BPS 255 ml of a 48% aqueous solution of sodium hydroxide and 120 ml of water were placed in a 
reaction tank, and mixed with stirring to make the whole solution homogeneous, while temperature rose to 75°C. 225g 
of isopropyl bromide was slowly dropped into the obtained solution at 55 ± 3°C. The resulting solution was continuously 
stirred further at 55 ± 5°C after the dropping was finished. 

r0102l The reaction was terminated when 20 hours in total passed since the dropping started. A part of the reaction 
solution was taken as a sample and analyzed by high-performance liquid chromatography (HPLC). The result showed 
67% of 4-isopropoxy-4'-hydroxydiphenyl sulfone, 32% of BPS and 1% of 4,4'-diisopropoxydiphenyl sulfone. The reac- 
tion solution was heated at 80«C for an hour to evaporate unreacted isopropyl bromide to remove. Further ,24 ml of 
warm water (0 05 parts by weight to a part by weight of BPS) was added to the reaction solution and heated at 80 C 
for an hour, and further 235 ml of warm water was added and heated at 80°C for an hour to evaporate unreacted 
isopropyl bromide to remove. A part of the reaction solution was taken as a sample and analyzed by H PLC. The result 
showed I 70% of 4-iso P ropoxy-4'-hydroxydiphenyl sulfone, 29% of BPS, and 1% of 4,4'-diisopropoxyd.phenyl sulfone^ 
An increase of a byproduct, 4,4'-diisopropoxydiphenyl sulfone, was not observed. Then, 300 ml of warm water and 
250 ml of toluene were added to stir sufficiently and the aqueous layer was separated. 

T01031 11 00 ml of toluene and 200 ml of water were added to the aqueous layer at 79°C and stirred at the same 
temperature for 30 minutes. Further, 30% dilute sulfuric acid was dropped little by little with stirring at 82°C ; over an 
hour to adjust pH of the reaction solution uniformly to 8.4 to 8.7. The resulting solution was left to stand at 82 C for 30 
minutes and the toluene layer was separated. 

r0104l 300 ml of toluene and 300 ml of water were added to the toluene layer at 82°C, and 30% dilute sulfuric acid 
was dropped little by little with stirring at 82°C over an hour to adjust pH of the whole solution uniformly to ,8.3 to 8.6 
The resulting solution was left to stand at 82°C for 30 minutes and the toluene layer was separated. Further, 250 ml 
of toluene and 250 ml of water were added to the toluene layer at 82°C, and stirred at the same temperature for 2 
hours The resulting solution was left to stand at 82=C for 30 minutes and the toluene layer was separated. 
r0105l The toluene layer was cooled to 10 to 35°C to deposit crystals. The crystals were separated by filtration, 
washed with water and dried to give 368.0g of the target compound, 4-isopropoxy-4'-hydroxydiphenyl sulfone, as 
powder (yield: 70%). At this time, an amount of isopropyl bromide contained in the toluene layer was analyzed by gas 
chromatoqraphy, being 0.8% by weight. 

r0106] The obtained powder of 4-isopropoxy-4'-hydroxydiphenyl sulfone was 99% or more in purity, and had a b 
value of 2.5 or less when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 
1001 DP). No coloring was observed. 

Comparative Example 3 [Comparative Example against Example 3] 

[0107] Example 2 was repeated to give 1 71 .7g of 4-isopropoxy-4'-hydroxydiphenyl sulfone as powder (yield: 70%), 
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except thai Hm- i > t < m (•■.'. w.r. ciiiilliij lot 1 1 -!ii< jviih i iiiift-.M d (j i-.npri!pyl l»rumid«' hy adding 300 ml ol IoIhi-ih- S» Ihr 
reaction •.olution to Mi - . it , it HO ( : loi :i hour, allei tin- nm< Imn w.r. < umplolod 

[01 OBJ Mm- piodiM I W.t:. i i , i".„ ol nioro in punly and ti.it I .1 b valm* f»l -1 1 when iiummimmJ hy a color dlllon-m «' nidi it 
(made hy Nippon I lenshnkil Kngyn ( ,o . I Id. Model 1(H) 1 I >l ') II w.r. < olorod hghl yellow 

Compai . it ive I x, ini()lo 4 |( ^omp.iii ilivn I x ample aqamsl I x, implr 4 j 

[0109J 4S0q ol Ml*:;. ;">•> ml of a 4H*\, aqueous solution ol sodium hydroxide? and K'U ml of water woio pl.n nd in a 
reaction I, ink, and mixed wilti stir ring lo make the wtiolo solution homogeneous, wtiilo tempi 'roll ne rose to /V( . n\ 
of isopropyl bron nde was slowly diopped into I he obtained soluth j r i .it Mi i 3 '() I Ik* msullmg solution was <. out in uously 
stirred In r I her nl !>f> I S"( ) nflor the dropping was finished 

[01 10J I he reaction was, terminated when '.'0 hours, in total passed since the dropping started A part ol the reaction 
solution was taken as. a sample and analyzed by high performance liquid chromatography (I I PI C) I he result showed 
637% ol 4 isopropoxy 4' I iydr oxy< Jrphenyl sullono, 3X% of MI'S, and 1% ol 4.4' dnsnpropoxydiphenyl sullone iTif » ml 
of warm water (0 !>y pai Is by weight to a pari hy weight of I iPS) was added to the reaction solution and healed j it H0"( i 
for an hour lo evaporate unloaded isopropyl t)fomide to remove A par I of tlie reaction solution was taken as a sample 
and analyzed by t IPI I he result showed /()% ol 4 isopropoxy 4* hydroxydiphenyl sullono, <>iY%> of HPS, and 4% of 
4,4' diisopropoxydiphonyl sullono An increase of a byproduct, 4,4' dnsopropoxydij >henyl sullono, was observed I hen , 
300 ml of warm water and 'ShQ ml of toluene were added at H0"C to stir sufficiently and the? aqueous layer was separated 
[0111] 1100 ml of toluene and 200 ml of water were added to the aqueous layer at /9"C and stirred at the same 
temperature for 30 minutes I urthor, 30% dilute sulfuric acid was dropped little by little with stirring at H2"G ovei an 
hour to adjust pi I of the reaction solution unilorrnly to H 4 to H7. I he resulting solution was left to stand at H: J "C for 30 
minutes and the toluene? layer was separated 

[0112] 300 ml of toluene and 300 ml of water weie added to the? toluene layer at 82' C, and 30% dilute sulfuric acid 
was dropped little by little with stirring fit 82"C over an hour to adjust pi t of the whole solution uniformly to 8 3 lo O G 
The resulting solution was left lo stand at 82"C for 30 minutes and the toluene layer was separated. I urthor, ?f>0 ml 
of toluono and 2S0 ml of water woro added to the toluono layer at H2"C, and stirrod at tho same tomporaturo for S 
hours. The resulting solution was left to stand at 82"C for 30 minutes and tho toluono layer was separated 
[0113] The toluene layer was cooled to 10 to 35'C to deposit crystals. I he crystals were separated by filtration, 
washed with water find dried to give 3GB Og of tho target compound, 4 Isopropoxy 4' hydroxydiphenyl sulfono, as 
powdor (yield: 70%) At this timo, an amount of isopropyl bromide contninod in tho toluono layer was analyzed by gas 
chromatography, boing 0.8% by woight 

[0114] Tho obtained powdor of 4-lsopropoxy-4'-hydroxydiphenyl sulfono was 99% or moro in purity, and had a b 
value of 2.5 or less when measured by a color-difference meter (mado by Nippon Donshoku Kogyo Co., Ltd, Modol: 
1001 DP). No coloring was observed. 

Example 5 [Examplo for (Composition 24) to (Composition 30)] 

[0115] In Example 5 and Reference Example 2, distilled water was used in all occasions. In Comparative Example 
5 and Reference Example 3, industrial water was used throughout. The distilled water and industrial water were meas- 
ured for the contents of iron components by an inductively coupled plasma-atomic emission spectroscope. Tho formor 
contained 0.05 ppm or less of iron components and the latter 0.26 ppm. 

[0116] GL tanks were used as reaction and purification tanks in Example 5 and Reference Example 2, and SUS 
tanks, which are usually used in the art, In Comparative Example 5 and Reference Example 3. 

[0117J 450g of 4,4 , -dihydroxydiphenyl sulfone (BPS), 255 ml of a 48% aqueous solution of sodium hydroxide and 
120 ml of distilled water were placed in a GL tank, and mixed with stirring to make the whole solution homogeneous, 
while temperature rose to 75°C. 225g of isopropyl bromide was slowly dropped into the obtained solution at 55 ± 3°C. 
The resulting solution was continuously stirred further at 55 ± 5°C after the dropping was finished. When 20 hours in 
total passed since the dropping started, 235 ml of distilled water of 80°C was added to the reaction solution. The 
resulting solution was heated at 80°C for an hour to evaporate unreacted isopropyl bromide to remove. Then, 300 ml 
of distilled water of 80°C and 250 ml of toluene were added at 80°C to stir sufficiently and the aqueous layer was 
separated. 

[0118] Then, 1100 ml of toluene and 200 ml of distilled water were added to the aqueous layer at 79°C and stirred 
at the same temperature for 30 minutes. Further, 30% dilute sulfuric acid was dropped little by little with stirring at 82°C 
over an hour to adjust pH of the reaction solution uniformly to 8.3 to 8.7. The resulting solution was left to stand at 
82°C for 30 minutes and the toluene layer was separated. Further, 250 ml of toluene and 250 ml of water were added 
to the toluene layer at 82°C, and stirred at the same temperature for 2 hours. The resulting solution was left to stand 
at 82°C for 30 minutes and the toluene layer was separated. 
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[0119] The obtained toluene layer was cooled to deposit crystals. The crystals were separated by filtration, washed 
with water and dried to give 368. Og of the target compound, 4-isopropoxy-4'-hydroxydiphenyl sulfone, as powder (yield: 
70%). 

[0120] The obtained 4-isopropoxy-4'-hydroxydiphenyl sulfone was 98% or more in purity, and had a b value of 2.5 
5 or less when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). No 
coloring was observed. 

Comparative Example 5 [Comparative Example against Example 5] 

10 [0121] Example 4 was repeated to give 365. Og of 4-isopropoxy-4'-hydroxydiphenyl sulfone as powder (yield: 70%), 
except that SUS tanks were used instead of the GL tanks and industrial water Instead of distilled water. 
[0122] The obtained 4-isopropoxy-4 , -hydroxydiphenyl sulfone was 98% or more in purity, and had a b value of 4.1 
when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). It was 
colored light pink. 

15 

Reference Example 2 
[0123] 
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Target compound 



35 (Wherein, x is an integer of 1 to 10). 

[0124] 47.5 ml of distilled water, 25.6g of sodium hydroxide and 80.0g of 4,4'-dihydroxydiphenyl sulfone were placed 
in a GL tank, and stirred to dissolve at 1 1 0 ± 2°C for 4 hours. To the resulting solution was added 20.34g of bis(2-chlo- 
roethyl) ether at 1 1 0 to 1 1 2°C and stirred at the same temperature for 8 hours. After the reaction was completed, 1 08.1 
ml of hot water was added to the reaction solution and cooled to 80°C. 167.4 ml of a 90% aqueous methanol solution 

40 was added at 70°C and stirred for 30 minutes to make the solution homogeneous. Then, 1 1 6.4g of 1 0% hydrochloric 
acid was slowly dropped at 71 °C to make pH 4 to 5. The resulting solution was left at 71 °C for an hour, cooled to 25 
to 30°C, and further left for 8 hours. The deposited crystals were separated by filtration, washed with 200 ml of a 50% 
aqueous methanol solution and dried to give 63.2g of the target compound as powder. Yield: 78%. 
[0125] The obtained target compound was 99% or more in purity, and had a b value of 2.5 or less when measured 

45 by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). No coloring was observed. 

Reference Example 3 

[0126] Reference Example2 was repeated to give63.2g of the target compound as powder (yield: 78%), except that 
50 SUS tanks were used instead of the GL tanks and industrial water instead of distilled water. 

[0127] The obtained target compound was 98% or more in purity, and had a b value of 4.1 when measured by a 
color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). It was colored light pink. 

Example 6 [Example for (Composition 31)] 

55 

[0128] Water used in Examples 6 and 7, Comparative Example 6 and Reference Examples 4 and 5 was industrial 
water of general use. A measurement by an inductively coupled plasma-atomic emission spectroscope showed that 
the content of metal ions in the industrial water was 0.1 ppm or more. 
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[01 29] -1 M it | i 'I -1 V dihydn oiydipl lenyl Mild nit ■ (i IT: - ). ; " >' . nil c » I , i ■ '.}<",, , k ]ui <i r. solution ol sodmn i I i y * Iimxh l< ■ . ir i< I 
1 20 ml of w. itoi wen - | il. k t m I in . in : -I I: '. ich lion Link. . uh I iiiiki < j Willi : In urn j lo r n. ik< ■ Ihi • whi ilt; solution lion k >■ )< *n« •< n r. 
while lempor.ilur e nr. i • lo /' . ( . : ':"»g of i'.oj n o| lyl bromide w. r. '.lowly < If o| if >e< I in I < » I ho obt. une< i solution . it ' . i \ < 
f he? fo'.ulliiuj soli it ion w.i'. ( » mlinuou'.ly sl i u od fi ill hoi . il i i 1 •"( . . if lei the f if o| >| >in< j was finished ; > ml of w. inn 
water w.r. .ulilcd lo Hit' h\n lion solution when :'() hoiils in tol.il |m:.:.c(] siimo Ihe dropping started I hi- le-.ullmq 
solution w.r. In Ml (Ml <il M0"( : for on Ikjiii to evaporate unieaoled r.oj propyl hinnihjo to remove I hen MOO ml of w.um 
water . i r h 1 ; M >0 ml ol toluono woe added . il H0"( ) to stn suflioionl ly .mil I ho aquoous layei wa:. separated 
[0130] I hon, I 100 ml ol loluono and :'()() nil ol water wen. 1 nddod lo I ho aqueous layer nt /<r( . and stniod ,it I ho 
same temperature for 30 mini it e- . I ui t hoi, '.MY'.',, dilulo sulfuue . i< id w.r. < if oppod hi tic ? by hi Mo wil h shu ing .it HI' ( ovei 
an hour lo adjust pf I of tho lenohon solution unifoimly to H 3 to H /, and ? / ml of a !>''.'. aqueous solution of I MIA 
disodium sail was addod I Ik? resulting solution was left lo stand at M;'"C foi 30 minutes nnd the toluene layer was 
separated I uithor. i'hO ml of loluono and I'M) ml of water wen? added to Ihe loluono layer .it H;' C, and stmod at the 
same t(?mpeiatuie foi houis I ho resulting solution w.r. k?ft to stand at H'. J "L. for mmulos and Ihe loluono layer 
was soparatod 

[0131] I tie loluono layer w.r. cooled lo deposit crystals I he crystals wef e sepal alod by II II ration, washed with w.ilei 
and dried to give 3tiH 0(| of the target compound A isopropoxy 4' hydioxydiphenyl sullone, nr. powd(?t {yield /0%) 
[0132] I lie ot>tainod A isopropoxy A' hydroxydiphonyl sulfono was, gti% or inoro in purity, and hud a b value of V U 
or loss when measured by a color difference motor <m. tde by Nippon I )enshoku Kogyo C '.o , I Id, Model 1 00 1 I )f ') No 
coloring was observed 

Example / |l xnmple for (Composition 31)| 

[0133] 210q of 4.4' dihydioxydiphonyl sulfono (HI'S) /4 2 ml of a 48% aqueous solution of sodium hydroxide? and 
740 ml of water were placed in an SUS reaction tank, and mixed with stirring to make tho whole solution homogeneous, 
whilo temperature rose to H0°C to Ihe obtained solution was added /0b ml of toluono al /0"O, and 10bq of isopropyl 
bromide (iPr Br) was slowly dropped. I lie resulting solution was stirred nt /0 to 80"C (or fl hours then, 4 8 ml of a 
48% aquoous solution of sodium hydroxide and W\\ of isopropyl bromide wore addod and stirred al /8 to H0"C for t> 
hours. Further, 3 3 ml of a 48% aqueous solution of sodium hydroxide arid 2bg of isopropyl bromide woro addod nnd 
reacted at 78 to 81"C foi 8 hours After tho reaction was completed, 300 ml of toluono was addod to tfio reaction 
solution, and heated at B0 l> O for 3 hours to evaporate unroaoted isopropyl bromide to remove completely 
[0134] Thon, 200 ml of water, 6H4 ml of toluene, 2. ho; of anhydrous sodium carbonate (soda ash) and 1 0 ml of warm 
water woro addod and furthor a 48% aquoous solution of sodium hydroxide was addod to adjust pH of tho roaction 
solution to 8 55 I 0 02 To tho resulting solution was addod 1 2 ml of a 5% aquoous solution of ED TA disodium salt 
and left to stand for 30 minutes. Tho toluono layer was then separated. 500 ml of wator and 800 ml of toluono wore 
added to tho toluene layer at 75 to 80°C, and stirred at tho samo tomporaturo for 30 minutos. Tho toluono layer was 
separated. 

[0135] Tho toluono layor was coolod. Tho dopositod crystals woro soparatod by filtration, washod with wator and 
dried to give 171 ,7g of tho target compound, 4-lsopropoxy-4'-hydroxydlphonyl sulfono, as powdor (yield: 70%). 
[0136] The obtained 4-isopropoxy-4'-hydroxydiphonyl sulfone was 98% or more in purity, and had a b value of 2.5 
or less when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). No 
coloring was observed. 

Comparative Example 6 [Comparative Example against Example 5] 

[0137] Example 5 was repeated to give 368. Og of 4asopropoxy-4'-hydroxydiphenyl sulfone as powder (yield: 70%), 
except that the operation of adding a 5% aqueous solution of EDTA disodium salt to the reaction solution was omitted 
in the purification process. 

[0138] The obtained 4-isopropoxy-4'-hydroxydiphenyl sulfone was 98% or more in purity, and had a b value of 4.1 
when measured by a color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). It was 
colored light yellow. 

Reference Example 4: Production of the same target compound as that in Reference Example 2 

[0139] In a 500-ml, four-neck flask were placed 47.5 m] of water, 25. 6g of sodium hydroxide and 80. Og of 4,4'- 
dihydroxydiphenyl sulfone and stirred to dissolve at 1 1 0 ± 2°C for 4 hours. 20.34g of bis(2-chloroethyI) ether was added 
to the resulting solution at 110 to 112°C, and stirred at the same temperature for 8 hours. After the reaction was 
completed, 1 08.1 ml of hot water was added to the reaction solution and cooled to 80°C. 1 67.4 ml of a 90% aqueous 
methanol solution was added to the resulting solution and stirred for 30 minutes to make the solution homogeneous. 
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Then, 0.5 ml of a 5% aqueous solution of EDTA disodium salt was added and 116.4g of 10% hydrochloric acid was 
slowly dropped at 71 °C to adjust pH to 4 to 5. The resulting solution was left at 71 °C for an hour, cooled to 25 to 30°C, 
and further left for 8 hours. The deposited crystals were separated by filtration, washed with 200 ml of a 50% aqueous 
methanol solution, and dried to give 63.2g of the target compound as powder. Yield: 78%. 

[01 40] The target compound was 99% or more in purity, and had a b value of 2.5 or less when measured by a color- 
difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). No coloring was observed. 

Reference Example 5 

[01 41] Reference Example 4 was repeated to give 63.2g of the target compound as powder (yield: 78%), except that 
the operation of adding a 5% aqueous solution of EDTA disodium salt to the reaction solution was omitted in the 
purification process. 

[0142] The obtained target compound was 98% or more in purity, and had a b value of 4.1 when measured by a 
color-difference meter (made by Nippon Denshoku Kogyo Co., Ltd, Model: 1001 DP). It was colored light yellow. 

Example 7 [Example for (Composition 32) to (Composition 37)] 

[0143] 577g of 4-isopropoxy-4'-hydroxydiphenyl sulfone, that was crystallized from toluene and filtrated in the same 
way as those in Reference Example 1 and Example 1 and not dried yet, formed a molecular compound with toluene, 
and had the toluene solvent attached in addition to the solvation toluene. The 4-isopropoxy-4'-hydroxydiphenyl sulfone 
before being dried was heated to dry under reduced pressure with a paddle dryer under the following operation con- 
ditions: 

Pressure reduction degree: 60 to 150 mmHg 
Heating temperature: 80 to 85°C 
Stirring rate: 2 to 3 revolutions/minute 
Drying duration: 16 hours 

[0144] After the compound was dried, 4-isopropoxy-4'-hydroxydiphenyl sulfone contained 0.1% by weight or less of 
toluene. No block particles were observed. The product was easily pulverized to fine particles even in the subsequent 
pulverization process. 

Comparative Example 7 [Comparative Example against Example 7] 

[0145] 4-lsopropoxy-4'-hydroxydiphenyl sulfone of the same conditions as those in Example 7 was heated to dry 
under the same conditions as those in Example 8, except that a dryer with heating under reduced pressure without a 
stirring apparatus was used, instead of a paddle dryer. After the compound was dried, there were a large amount of 
block particles observed. The compound after dried was heavier than that in Example 7. Besides, it took a long time 
to pulverize the compound to a particle size preset for the product in the subsequent pulverization process. 

Applicability in Industry: 

[0146] As described above, the present invention relates to methods for producing 4,4'-dihydroxydiphenyl sulfone 
monoethers, in which a non-colored, highly pure target compound can be efficiently isolated from a mixture that even 
contains the target compound and impurities at high concentrations. 

[0147] 4,4 , -Dihydroxydiphenyl sulfone monoethers are compounds useful as developers. The methods of the present 
invention stably provide products of high quality, having a high value of use in industry. 



Claims 

1. A process for the preparation of a compound represented by Formula (I) 
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(K')m 



(K ? )n 



HO 




CD 



(wher i 'if i, H 1 i mi J M-' ar i 1 each iiu t< '( iimk ii «ntly h; lit x j< m i < tlky I h. ivinq 1 In ft carbons or alkcr ly! having In f t r. n I >< nr. , 
in Mini ii «nc each independently 0 oi ;in integer of 1 to 4. and f t 1 is ;ilkyl having 1 to H carbons, alkenyl having ;' 
to H carbons, eycloalkyl having 3 lo M carbons or option. illy substituted aialkyl), in which there .'ifo piocc:; ses thai 
an aqueous solution containing <i compound of I of nulla (I) is adjusted pi I to a preset value (I } 1 ). extracted with 
an organic solvent and separated to an organic and an aqueous layers, and thai water or water adjusted to a lixed 
pi t valuo is added to the separated organic layoi in or dot to adjust the pi I of I he aqueous layer to ;t prosol valut> 
(P?) tor the soparalion ol the 1 organic layer 

A process for the prof Miration of a compound of I oirnula (I) according to Claim 1 in which the process that an 
aqueous solution containing a compound of I orrnula (I) is adjusted pH to a preset valuo (P1), extf noted with an 
organic solvent and separated to an organic and an aqueous layers is a process thai the aqueous tayei of a two 
phase solution consisting of water and a water nonmiseible organic solvent with a mixture containing it compound 
of f ormula (I) is adjusted pH lo the preset value (PI) for separating the organic layer. 

A process for the preparation of a compound of I ormula (I) according to Claim 1 or 2 in which the said IV Is sol 
to a value different from ttio said f M 

A process for the; preparation of a compound of f ormula (I) according to one of Claims 1 to 3 in which the said V? 
is sot to a valuo lower than the said P1 . 

A process for tire preparation of a compound of f orrnula (I) according to one of Claims 1 to 4 in which the said fM 
is set in a range of 0 4 find BV and the said P? between B.3 and 0 6 

A procoss for tho preparation of a compound of f ormula (I) according to one of Claims 1 to b In which tho aquoous 
solution containing a compound of Formula (I) Is an aquoous solution containing a reaction product obtalnod from 
a reaction of a compound represented by Formula (II) 



(wherein, R 1 and R 2 are each Independently halogen, alkyl having 1 to B carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or integer of 1 and 4) with a compound of Formula (III) 



(wherein, R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 to 8 carbons, cycloalkyl having 3 to 8 carbons or 
optionally substituted aralkyl, and X is halogen) in a solvent in the presence of a base. 

A process for the preparation of a compound of Formula (I) 




1 



• • • cm 




(no 
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(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method 
for producing compound of Formula (I) by reacting a compound of Formula (II) 




(wherein, R 1 , R 2 , m and n are as defined above) with a compound of Formula (III) 

R 3 -X (IN) 

(wherein R 3 is as defined above and X is halogen) in a solvent in the presence of a base and the obtained reaction 
solution is purified, a process is provided that the compound of Formula (III) is removed from the solution produced 
by the reaction of the compounds of Formulae (II) and (III). 

8. A process for the preparation of a compound of Formula (I) according to Claim 7 in which the said reaction solution 
is the reaction solution after the reaction of compounds of Formulae (II) and (III) is finished. 

9. A process for the preparation of a compound of Formula (I) according to Claim 7 or 8 in which the process for 
removing the compound of Formula (III) from the reaction solution is provided immediately after the compounds 
of Formulae (II) and (III) are reacted in a solvent in the presence of an alkali. 

10. A process for the preparation of a compound of Formula (I) according to one of Claims 7 to 9 in which a process 
for adjusting pH of solutions including the reaction solution is provided in the production method of a compound 
of Formula (I), and the process for removing the compound of Formula (III) from the reaction solution is provided 
immediately before the process for adjusting the pH of the solutions including the reaction solution. 

1 1 . A process for the preparation of a compound of Formula (I) according to one of Claims 7 to 1 0 in which the process 
for removing the compound of Formula (II) is a process for removing the compound of Formula (III) together with 
the reaction solvent from the reaction solution by distillation. 

1 2. A process for the preparation of a compound of Formula (I) according to one of Claims 7 to 1 0 in which the process 
for removing the compound of Formula (III) is a process for removing the compound together with a mixture of 
water and a solvent azeotropic with water by distillation. 

1 3. A process for the preparation of a compound of Formula (I) according to one of Claims 7 to 1 2 in which the reaction 
solvent is water. 

14. A process for the preparation of a compound of Formula (I) according to one of Claims 7 to 13 in which a process 
for depositing the compound of Formula (I) from an organic solvent as crystals is provided in the production method 
of the compound of Formula (I), and the compound of Formula (III) is removed so that the concentration of the 
compound in the organic solvent is 1% by weight or less. 
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Mi A | >n >. i I >\ II .i • pa | mm!i< hi ( .1 ,u i in if Ki. j|M 1 f;l I t mii nil. i (I ) 




(when mm, H 1 j mi J ){•' mm* each independently halogen, alkyl ha vine) 1 lo H a iiboris or alkenyl h;iviricj In (I cjuhotiH, 
m .in< I n .-in; <m<:Ii indef jendenlly 0 or .'in mtogei ol 1 to 4 , and H ' is alky I having 1 to 8 carbon, 1 ., alkonyl Mi ivii i c | ;* 
lo M earhori:., t :y< :lo. ilkyl having 'A lo H carbons of optionally substituted aralkyl). characterized in that, in a method 
for pro< ft ic: ir ic| a cornpouncl of I orinula (I) by reacting a compound of f orrnula (II) 




(whoroin, \V, H :> , m and n firo as defined above) wilh a compound of I orrnula (III) 

R n X (III) 

(wherein R :1 is as defined above and X is halogen) In a solvenl in the presence of a base and Ihc obtained reaction 
solution is purified, the compound of Formula (III) In the organic solvent Is 5% by weight or loss in concentration 
in the process for purifying the reaction mixture of the compounds of Tormulao (II) and (III) with water and an 
organic solvent. 

16. A process for the preparation of a compound of Formula (I) according to Claim 15 In which the compound of 
Formula (III) in the organic solvent is 2% by woight or loss in concentration. 

17. A process for the preparation of a compound of Formula (I) according to Claim 15 in which tho compound of 
Formula (III) in the organic solvent is 1% by weight or loss in concentration. 

18. A process for the preparation of a compound of Formula (I) 




(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method 
for producing a compound of Formula (I) with a process for reacting a compound of Formula (II) 
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(R 2 )n 
S ° 2 ~\ A 



HO 




OH 



• • • (ID 



(wherein, R 1 , R 2 m and n are as defined above) with a compound of Formula (III) 



(III) 



(wherein R 3 is as definde above and X is halogen) in the presence of 1 .5 to 3 moles of an alkali to a mole of the 
compound of Formula (II) in 0.3 to 1 .5 parts by weight of an aqueous solvent to a part by weight of the compound 
of Formula (II) and the compound of Formula (III) is removed by distillation, the compound of Formula (III) is heated 
to distill out and then water is further added to distill the compound of Formula (III) to remove. 

19. A process for the preparation of a compound of Formula (I) according to Claim 18 in which an amount of water 
added is in the range of 0.03 and 0.1 parts by weight to a part by weight of the compound of Formula (II). 

20. A process for the preparation of a compound of Formula (I) according to Claim 18 in which an amount of water 
added is in the range of 0.04 and 0.08 parts by weight to a part by weight of the compound of Formula (II). 

21 . A process forthe preparation of a compound of Formula (I) according to Claim 1 8 in which water is added separately 
over two or more times. 

22. A process for the preparation of a compound of Formula (I) according to Claim 21 in which an amount of water 
added at the beginning is in the range of 0.03 and 0.1 parts by weight to a part by weight of the compound of 



23. A process for the preparation of a compound of Formula (I) according to Claim 21 in which an amount of water 
added is between 0.04 and 0.08 parts by weight to a part by weight of the compound of Formula (II). 

24. A process for the preparation of a compound of Formula (I) 



(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized In that, in a method 
for producing a compound of Formula (I) that a reaction is carried out in a solvent to give the compound of Formula 
(I), a solvent containing 0.05 ppm or less of iron components is used as the solvent. 

25. A process forthe preparation of a compound of Formula (I) according to Claim 24 in which the reaction solvent is 
a reaction solvent containing water. 

26. A process for the preparation of a compound of Formula (I) 



Formula (II). 




,1 



• • • (i) 
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(whni'iM, H 1 ;iiuj H : ' .iii.mmi h indopondi Tilly halo<j<»n. ;ilkyl havim j I In M < .11 hi hi:, or ; i1k< *ny I ha vine j V lo H < mix in-., 
m and n are each independently (I or an integer of 1 lo A. and M ' r. . ilkyl h. iviihj 1 to B i:.uhons, alk( -nyl hnvitu j ;■ 
lo M carbon:,, cycloalkyl having :i lo H carbon:; of optionally :.uh:.tituled aialkyl), in which water eonlj ilnlm j 0 OS 
ppm oj less ot iron component:, i:. used a:, the waloi m the purlin alien piece:.:; lor removing compounds nlhor 
than Hit? compound ol f ormula (I), tfom I ho rnixluie containing I In* compound ol I oirnula (I) 

27. A piece:.:, (ot tin. 1 preparation of a compound ol I ormula (I) 




(whoroin, M 1 and H 5 * are each independently halogen, nlkyl having 1 to Bourbons or nlkonyl having '? lo H carbons, 
m and n wo ouch indopondontly 0 or an intogor ot 1 to A, and IP Ik alkyl having 1 to B carbons, nlkonyl having V 
to 8 carbons, cycloalkyl having 3 to B carbons or optionally substituted aralkyl), In which a tank with a corrosion 
resistant layer over the inner wall is used in the reaction process for producing the compound of \ ormula (I). 

28. A process for the preparation of a compound of f ormula (I) 




(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each Independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which a tank with a corrosion- 
resistant layer over the inner wall is used in the purification process for removing compounds, other than the 
compound of Formula (I), from a mixture containing the. compound of Formula (I). 

29. A process for the preparation of a compound of Formula (I) according to Claim 24 or 25 in which the corrosion- 
resistant layer is a layer composed of at least one material selected from the group consisting of titanium, glasses 
and fluorine resins. 

30. A process for the preparation of a compound of Formula (I) according to one of Claims 24 to 29 in which the 
reaction process for producing the compound of Formula (I) is a process for reacting a compound represented by 
Formula (II) 
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(R 1 >™ (R 2 )n 




(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 and 4) with a compound of Formula (III) 

R 3 -X (III) 

(wherein, R 3 is as defined above and X is halogen) in a solvent in the presence of a base. 
31. A process for the preparation of a compound of Formula (I) 




(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), in which a chelating agent is added 
in the purification process for removing compounds, other than the compound of Formula (I), from a mixture con- 
taining the compound of Formula (I), 

32. A process for the preparation of a compound of Formula (I) 




(wherein, R 1 and R 2 are each independently halogen, alkyl having 1 to 8 carbons or alkenyl having 2 to 8 carbons; 
m and n are each independently 0 or an integer of 1 to 4; and R 3 is alkyl having 1 to 8 carbons, alkenyl having 2 
to 8 carbons, cycloalkyl having 3 to 8 carbons or optionally substituted aralkyl), characterized in that, in a method 
for producing the compound of Formula (I) with a drying process, the product is dried with mechanical stir in the 
drying process. 

33. A process for the preparation of a compound of Formula (I) according to Claim 32 in which the product is heated 
to dry under reduced pressure with mechanical stir. 

34. A process for the preparation of a compound of Formula (I) according to Claim 32 or 33 in which the compound 
of Formula (I) before drying is in the condition with a property of melting at a temperature below the melting point 
of the compound of Formula (I). 

35. A process for the preparation of a compound of Formula (I) according to one of Claims 32 to 34 in which the 
compound of Formula (I) before drying is in the condition of forming a molecular compound with a solvent. 
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:.nlv«-nl 

A | »mm i".-. |uf Iho p r t p. ii. ilion til .i < (impound c j I I omiul.i (I) ,n < omIiih) lo ( .l.i;ni Mh in which the nnjann •■"Ivriii |«. 
,in arom.ilic hydroc.ifbon 

A pr< .'. lor Iho pi op, i ml ion ol .i c ompouni j ol I oimul.i (I) uo< on Jin (| lo one 1 of ( :i,nrn:, I to 'M in which II n* com 

pound ol I oimul.i (I) is ;i compound i of >r iv .onhM J by I nrmul.i (IV) 




(whoioin, It 1 is nlkyl havirx) 1 lo H caihons, nlkonyl having :• lo M c arbon;;, cyclonlkyl having 3 to 8 carbon;, of 
optionally !.uh:;titulod aralkyl) 
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